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How does SLASHING 
change the 
tensile properties 
— of your yarn? 


Yarns “A” and “C” will not weave as desired 


To control your yarn slashing— 


1. Find out how much extension of the warp yarn is required REQUEST CATALOG 
for weaving—as for example, in the picturized line ‘‘B’’. 
AND TESTING DATA 


2. Be sure that, after sizing, the yarn graph conforms with the 
desired modulus. BOOK NO. 48 


Yarn ‘'C’’ above, has not been extended sufficiently in slashing. Its 
over-elastic action in weaving may cause flaking off of the coating 
Yarn “‘A”’ has been over-extended, tending to make it brittle and 
lacking in resiliency 


This test, produced on an IP~-2 Incline-plane machine, is an excellent 
example of how “Scott Testers and their picturized charts provide 
exact knowledge and sure control at vital points in the production 
cyle 


reste” TRUSTED 


SCOTT TESTERS, INC. 


Exclusive IP-2 Incline-plane 


145 Blackstone St., Providence, R. |. | Tartar. Tete ter taneinant 


hysteresis from single fibre to 
2000 grams. 
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Measurement of Friction Between Single Fibers’ 


IV. 


Influence of Various Oxidizing and Reducing Agents 


on the Frictional Properties of Wool Fibers? 


Joel Lindberg and Nils Gralén 


Swedish Institute jor Textile 


Introduction 


The friction between single fibers has been the sub 
ject of earlier studies in this series of papers | 13, 23, 


26| Che apparatus used for most of the measure 


ments is the twist friction meter, which was described 


in detail by Lindberg and Gralén |26]. Only the 


principles of the method will be given here. Two 


fibers are twisted together (see Figure 1) and kept 


in tension, which produces forces acting normally to 


the fiber surfaces between the fibers. By increasing 


the tension in the upper end of one and the lower 


end of the other fiber, the fibers can be forced to 


The 


tained from the force necessary for the slipping by 


slip coefficient of the static friction, uy, 1s ob 


means of the formula 


In P2 P 


rns 


Parts I, Il, and IIT of this series appeared in the Sep 
1947, May, 1948, and August issues of the 
RESEARCH JoURNAL, and also in issues No. 3 
(1948), and No. 8&8 (1948), respectively, of 


caimgs l r vat dnstitute fo 


1948, 


No. 6 


Textile 


Research 


Gothenburg, Sweden 


where 7? and P?, are the forces at the ends of the 


fibers, B is the angle (see Figure 1), and a is the 


number of turns in the twist 
In earlier measurements reported |23, 26], chem 


ical treatments were made in a separate beaker for a 


} 


fixed time, and the fibers were afterwards inserted 


in the meter and rubbed against each other until the 


friction reached a constant value, which was meas 


ured. It 1s, however, impossible to measure the [ri 


tion without submitting the fiber surface to an abra 


sional effect. It has been found that certain chemical 


treatments make the fiber surface much more sus 


ceptible to abrasion than an untreated fiber is, and 


that this abrasion changes the frictional 


This effect 


pre pe rties 


considerably must be considered whet 


frictional measurements are made In order to de 


termine thie 


optimum tine for an anti felting treat 


ment affecting the frictional properties, it is 


neces 


sary to know the relationship between the frictiot 


treatment By 


are inserted in the 


and the time of treating the fibers 


when they meter, It 1s easier to 


measure the friction after different times of treatment 
r This paper is appearing simultaneously in P) 


Swedish Institute for ile Research, Ne 





the same fiber \ preluminary note on 


[25] 


has already been published | 


Experimental Conditions 


\ special beaker can be placed around the fibers 
Phis beaker is tilled with the solutiot 


\fter an 


fibers are 


in the meter 


used for chemical treatment appropriate 


tine, the beaker is removed and the washed 


several times with water and measured in the beaker 


filled with distilled wate Phose parts of the fibers 


which slide against each other during the measure 
g 


ments will be abraded and should not be used for 


further measurements. I[f the tibers are long enough, 


thev can be moved into a new with un 


abraded 


and measurement may be performed In 


}» msition 


areas in the twist. and a new. treatment 


this way 


several subse quent treatments and measurements can 


he made on parts of the same pair ot 


contiguous 


fibers Phe number of tests possible will be deter 


variation of 
} 
I 


mined by the length of the fibers. The 


the frictional along the fibers las been 


be so small that the 


properties 


] 


found to errors introduced by 


this method are 


negligible |26 


\n undamaged fiber is very resistant to abra 


coefficient of friction is not noticeably 
26| \s 


Ver\ ON 


sion, and the 


changed by subsequent measurements 


SHOW] 


before |26]. the wool tibers have a 


friction If the surface is abraded mechanical 


the coefficient of friction w increase be 


; . 
he surface is roughened | 23 some cases, 


chemical treatments the fiber surface is ver 


susceptible to abrasion, and this becomes evide 


an increase in the frictional coethicient caused 


} 
aqurinyg 


apparatus 


easurement determination ot 


frictional coethecient 


part of the 


wht ditfer considerably 1 he first one 


act introduces difficultie determination of the 


relationship between abrasion and trictional ce 


iit especially li tiie coefficients tor both direc 


ited Phe 


} le ere} } \ 
a scale alld Ale < * Wa 


nt of abrasion must be a function of the energy 


fibers by the work of friction and ot 


to the 


properties (resistance) of the tiber 


] 


work of friction is. the 


5 Phe 


1 tl force of the kineti 


] so that the 


product ot 


friction fibers 


move the same distance leasurement lt 


the change in the coetficient of friction is taken as a 


measure of the abrasion and is plotted against the 


ss‘ 
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total work of friction, the slope of the curve will 


indicate the resistance of the material his is a 


roducing the re 


s 


rather complicated method of re 


ineasure the and 


We 


coefficient of friction as a 


sults, because in general we stath 


not the kinetic friction have chosen instead 


to give the function of the 


number of measurements. This gives a useful over 


all view of the phenomena, although it is only quali 
rapid and 


complete degradation of the material, the degrada 


tative. If a chemical attack is too Causes 


tion products act as a lubricant and the coethcient ot 


Iricttlon Il eventually a mee : RES: : 
Irictlon will eventually decrease msteacd of mcrease 


experience has shown that itis very seldom necessary 


to correct for this lubricant ettect 
order to 


The procedure tor the measurements, in 


obtain a good mean value from several readings, was 


is follows fibers gives the co 
\ second 
slip back is necessary to restore the original positios 


for imstance, the fir 


Phe first slp of the 


cthcient of friction tor an unabraded tibet 


| aniti-sc 


gives the 


friction mete 
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friction (anti-scale measurement 
third slip ought to register the with-scale friction 
(with-scale measurement The fifth 
slip again measures the anti-scale coefficient (anti 

The 
in the 
order in which they occurred during the alternate 


number one). 
scale measurement number two), and so on. 
anti-scale measurements are thus numbered 
recording of anti-scale and with-scale measurements. 
The holds true for the 
ments. If four pairs of fibers were measured, as 
was mostly the 


same with-scale measure- 
friction was 
measured first on two pairs of unabraded fibers and 


case, the anti-scale 


the with-scale friction first on the two other pairs. 


The values given in the tables and diagrams repre 


sent averages of the four anti-scale measurements 


number one, the four with-scale measurements num 
ber one, and so on. 

The dissimilarity between the anti-scale coefficient 
of friction, »., and the with-scale coefficient of fric 


tion, p yhenomena 


is fundamental for the felting 
\ useful function (s) for the discussion of the rela 
tion between felting and friction is defined in refer 


ence {23 he 


1 1 ; 
Mi Me 


In the present paper, however, we are more inter 


ested in the actual scale the reduction of 


resistance, 
which gives a measure of the action of the reagent 
on the scale substance. 

Lindberg and Gralen |26] and Makinson |30| 


have previously derived an expression for the scale 


—- 2-7 min. 
20-27 min. 


“ 
9 


_=o-= “OMe 


S&S ©& fb) 


Coefficient of friction (4) 
D 


2 3 - 5 
Number of measurements 


After-effect of the chlorination when the fibers 


] tom oth d slloed ¢ 
rai times with distilled water. 


Solution of 0.05 


Treatment 
Cl as NaClO buffered to +11 5 by a 
mixture of acetl acid 


and sodium acetate. Time of treat 


ment, 5 minutes. Measured in distilled water 


number one), the 


rABLE 1 


VARIATION OF FRICTION WITH 
IN DISTILLED WATER 


Timi 


min 


If the friction: in the two 
. then 


resistance direc 


tions are J’, and / 


F, — F, = F,, 


where /*, is the resistance offered by the scales 


This expression can be written 
F, 

VY, being the normal vhen is measured 
F, in itself is a function of NV’, [23], but since the vat 
iation in N during the measurements is very little 
(+ 10°C ), this has been neglected, and F, ts given as 
proportional to p, — p In the diagrams a constant 
factor, k, has been introduced only for simplification 
of the ordinate scale 


Experimental Data 


In order to find out how long it is necessary to 
soak a fiber in water before the frictional coefficient 
has reached a constant value, a preliminary investiga 
tion was made. This time was thought to be less than 
that necessary for a stress-strain investigation because 
the water very rapidly penetrates the outer layers of 
the fiber, which are responsible for the frictional 
pri yperties 


From Table I it may be seen that the 


equilibrium is reached almost immediately. All the 
values obtained are within the limits of error 


Treatment with Oxidizing and Reducing Agents 


‘he reagents chosen for treatments were chlorine 
(wet and dry chlorination ), potassium permanganate, 
sulfuryl chloride, and combinations of these with 


sodium bisulfite. 

(a) Action of Sodium Hypochlorite. For these 
experiments a buffered solution of sodium hypo 
chlorite was used. The oxidation potential of this 
solution is dependent upon the pH value. It is also 
known that acidification liberates free chlorine in the 
whether the oxidation 


solution It is not known 
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potential or the presence of chlorine is responsible experiment a concentration of NaClO) correspond 
for the action on wool. In any case, it.is of interest ing to 0.017 Cl was used 

to study the action at different values of pH [17]. The tibers were inserted in the apparatus, im 
The sodium hypochlorite was buffered to pH 1, 3. | mersed in distilled water, and measured as described 
5, 7, and 9, and the buffer solutions were obtained previously. The fibers were then moved so that 
by mixing HCl and KCI (0.217) for pH 1, other parts of them came into contact with each 
CH..COOH and CH,COONa (0.217) for pH 3 and — other, immersed for an appropriate time in the hypo 
5, KH.PO, and Na,HPO, (0.07.17) for pH 7, and — chlorite solution, washed, and measured. The treat 


borax and HCI (0.05-0.1.1/) for pH 9. In the first} =ment with hypochlorite was repeated and, since the 


A’ 





tance of the scales (kF,) 


e 
b, 


se 
S 
S 
§ 
g 
z 
& 
> 
9° 
~~ 
c 
8 
Q 
eS 
v 
10) 
iS) 


Resi 





35 5 2 2 
Number of measurements 


sodium hypochlorite at different pll values. Variation of friction with time of treat 
ements. The figures in the diagram area give the times of treatment in minutes The 


ts OOF, Cl From the top, the diagrams represent pH 1, pll 3, and pH 5 
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fiber as a whole was treated the first time, the total able difference in the action after 7 and 27 minutes 
tine of treatment was taken as the sum of the first — in distilled water. The measurements therefore had 
and second treatments. This could be repeated sey to be made in rapid succession to eliminate this 
eral times, the only limit being thé fiber length after-effect as much as possible. 

It is very difficult to remove the chlorine from the Figure 3 shows the effect of NaClO corresponding 
fiber by washing in distilled water alone, and there to 0.01% Cl at pH 1, 3, and 5 after various times 
fore we had to determine whether there was any — of treatment. At this concentration there 1s no et 
prolonged action of the chlorine not removed by the — fect at pH 5 or at pH 7 and pH 9 (not shown in 


washings. Figure 2 shows that there 1s a considet the diagrams ) \t pH 1 there is a verv rapid in 
s s M4 


Vaal] kf; 


~ 
9 


@ 


> 


0. 
0.6 
0. 
0. 


\ 


rs 
SS 
c 
S 
g 
y 
S 
9 
1°) 
~ 
c 
8 
Y 
= 
iS] 
+8) 
SS) 


Resistance of the scales (kf) 











e Ss & = 3S @ 
Number of measurements 
Fic. 4. Chlorination with sodium hypochlorite at different pIl values artation of friction with time of treat 


ment and number of measurements The figures in the diagram area give the time of treatment in minutes The 


concentration of hypochlorite ts O.05°¢ Cl. From the top, the diagrams represent pH 5, pll 7, and pil 9 
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crease in both the anti-scale and the with-scale co- Cl concentration of 0.05% at pH 5, 7, and 9. Fig 
efficients of friction—i.e., the average friction is in- ure 4 is similar to Figure 3, which represents the 
creased. The value of Ff, decreases more and more — lower concentrations at lower pH values. The rapid 
after prolonged treatment, indicating weakening of ity of the chlorine action therefore decreases con 


the scale structure. Figure 4 shows the effect of a siderably with increasing pH values. 


4 


S 
NO 


~ 
9 
O 


S 
Q ® 


9S 
> 


S 
% 


om 

S 
N 
g 
x 
Y 
& 
. 
8 
~ 
c 
4 
Y 
= 
v 
0 
Q 


Resistance of the scales (kf) 


= 
12) 
9 


2 5 & § 
Number of measurements 


luctton by NalISO3. Variation iction with type of treatment, time 
f mea Its : : 

0.01° > Clas NaClO, pH t for 1 minute; no NaHSO;. (b) The same, ] Nall SOs for 3 minutes 
Clas NaClO, pil 5, for 5 minutes, +10 NaHSOx3 for 3 minutes. (d) 2 las NaClO, pll 9, for 15 

+ 1°) NallSOs for 3 minute ; 
(a) 0.01%% Clas NaCloO, pil 1, for 3 minutes; no NaHSO 3. (b) The same, +1°;7 NallSOx for 3 minutes. 
C—0.05% Cl as NaClO, pll 5, for 5 minutes, +1% NaHSOx; for various times The figures in the diagram 

area represent the time of treatment with Nal1SO3 tn minutes 
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There seem to be two features in the action of into the fiber and destrovs the scale structure, which 


chlorine as regards the abrasional effect. First, the — results in a decrease of / During this decrease in 
coefficients of friction are increased without affecting  /*,, »#, and pw, continue to increase and both reach a 


the value of F, because the friction (being a phe steady value between 0.90 and 1.00. One more 


nomenon connected with a thin surface layer) is very — thing could be learned from a visual observation of 


rapidly changed. Second, the chlorine penetrates the nature of slip. In the first several measure 


k 


rm. 
SS 
c 
a?) 
x 
S 
& 
... 
1°) 
~ 
ss 
S 
8 
a 
Ww 
ss) 
9 
WS) 


Resistance of the scales (kFs) 


eS ee, 2? Ss © Ss 
Number of measurements 


Fic. 6. Chlorination and subsequent reduction by NalISO 
and number of measurement 
ya | (a) 0.057 Clas NaClO, pH 5, for 5 minutes HY The 
(c) The same, buffered to pll 4. (d) The same, buffered to pll 6 
B— Untreated wool. (a) 0.01% Clas NaCloO, pil 1, for 2 minutes 
( VaOll-treated wool (O.IN NaOH for 24 hours). (a) 0.01% 
+1°— NallSOs for 2 minutes 





TO) 


ments, when the scales begin to be degraded, the 


fibers slip apart very slowly as though moving in a 
jelly, but after more abrasion the slipping is more 
the fiber and 
We suppose that this hard and rough surface 


the the 


and surfaces seem to be hard 


surtace of unaltered cortex, whole 


Demy destroved and removed 


Vast] 


amy 

3 
Cc 
2 
~*~ 
L 
& 
= 
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~ 
c 
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vy 
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(bh) Sodium 


At an early stage of the in 


cle fion 
and Sodium Bisulfite. 


vestigation it was found that the after-treatment of 


Combined of Hypochlorite 


made the 
Marsh |32| has 
mentioned that in practice this combined treatment 


the feltable did 


chlorinated wool with sodium bisulfite 


fibers more susceptible to abrasion 


made wool less than chlorination 


kFs 


Resistance of the scales (kf) 


75 


4 


Seo 75 





+ 5 


Number of measurements 


” 
- ¢ 


epresent time 


SO2CI 


in 
Fibers treated with O.IN N 


Variation f friction 


aOH for 24 hou 


kerosene. 


bartation of frictr 


1 represent time of treatment 1 


friction with time of t 


of treatment in minute 
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alone. In fact. we have found that a slight chlorina 
tion, which did not affect the frictional properties at 
all, was enough to make the wool very sensitive to 
treatments with sodium bisulfite In Figure 5.\ 
curve a shows the effect of NaClO alone with 0.01% 
Cl at pH 1, the time of treatment being 1 minute 
Curve > shows the effect on the same fibers after 
treatment with 147 NaHSQ., for 3 minutes. There 


“4 


jes 

< 
N 
9 
a 
1 
& 
_* 
S$ 
~ 
c 
2 
Y 
= 
AS) 
Q 
S 


2 


19] 


is a considerable difference between the two curves 


If an untreated fiber is treated with NaHSQ., ot 


the same concentration for the same length of time, 


there is no etfect on the frictional properties. Curves 
c and d represent fibers with different degrees ot 
chlormation, but with the same bisulfite treatment 


Phe chlorination for c is 0.05% Cl at pH 5 for 5 


munutes and for d iw O26 ( 


“4 


Resistance of the scales (kFs) 





a ROS 


Number of measurements 


Fic. 8 Treatment of fibers with O.3M Clin CCl, followed by 1°) NallSOs for 


with number of measurements. (a) Cl alone (b) Cl 4+ 
A—Fthers conditioned at 65°, RA Cl-treatme) 


Cl-treatment for 75 minut Fibers treated with 0.1 


VaHSO 
t for 10 minutes B Fibers dried at 105°( 
N NaOll for 24 hours Cl-treatment for 10 minu 
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utes. The values given in the previous paragraph 
show that these treatments are equivalent in etfect 
Che 
latter cases are not shown in the figure because they 
The 


chlorination at pl 9 deviates from the others with 


values for the chlorination alone in the two 


give the same curves as a curve d for the 


respect to the bisulfite treatment, but we are uncet 


tain whether this is due to a real difference in the 


chlorine etfect or whether it depends upon incom 


plete removal of the butfer solution. Because of the 


we had to limit the time of washing as 


Figure 5B 


~ 


iiter-etffect, 


much as possible shows stronget 


chlorination combined with the treatment of 


NaHSO 


tration ot 


Sallie 


as that shown in Figure 5A \ concen 
0.016 Clat pH 1 
Phe chlorine 


still 


is combined 


2 ] 
tor J minutes Was used 


alone Vives an effect, but the etfect 1s 


more pronounced when the chlorine 


NaHSO 


witl 


treatment 
with the treatment 


Phe time of treatment NaHS... did 


fluence the results verv much, as shown in F 


~ nor did t} t 


igure 
concentration of the bisulfite solution 


NaHSO 
ot the 


The action ot was very much dependent 


Figure OA 
etfect decreases with iMcreasing pH 
] 


solution 


The butfer si 


KC! for pH 2, ¢ 


Nutions were: a mixture 
HCOOH and CH 
HC] 


Was rformed at a 


and 
ind pH 6, and borax and 

itinent 

NaHSO 


temperature, the ¢ m of the Was 


enhanced 


Samples 


feret humidities were treated for 


at room tem 

fibers 

see 

kept a ground 
Pherefore, we could no » the same 
repeated treatments, but had to take fount 
] 


rancon tron 


the sample of each treatment 


1 } 


iNalVsis (see \ppendix ) has shown that 


] ) imtrody 1 ou 
aqoes not ntroduce anv serious 


72 shows the variation in friction with time 


nt and numbet fibers 


asurements fo 

average coethcient 
once, but the scale 
fibers treated 


shows the results 


were dried l 


\lso, 


nent, but the tibers 
fore the treatment 


friction increased 
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weakening of the scale resistance could be seen even 
after 75 minutes. 


In order to see to what extent the chlorine had 


diffused into the interior of the fibers, these 
treated with NaHSQ, (1% 


If the chlorine penetrates into the fibers it should 


were 
solution) for 2 minutes 
sensitize the wool to the subsequent NaH{SO,, treat 


ment and the scale should then be 
atfected Some of the curves 


SA and B. When the 
65% R.H., the 


resistance more 


are shown in Figures 


fibers were conditioned at 


scale resistance was affected to 


extent even after the 1l-minute 


and 


some chlorine treat 


ment greatly after the 10-minute 


With the dried 


he detected after 735 minutes of 


treatment. 
could 
Cl] treatment. Ob 


fibers, only a wht etfect 


viously, the chlorine reacts verv slowly with = the 


scale substance in the absence of water These re 


sults with ditfusion of the chlorine 


respect. to 
good 
ed Whewell and 
. althoug 


»! 


mito 


the fibers are n agreemen results ob 


Selin and by the 


kKiton Red G test [6 h the latter test mignt 


] 


we very dependent upon the existence of a thin mem 


brane termed “epicuticle” on the surface wool 


fiber [24, 28 
1s NakisO). is. a 
whether 


strong agent, it was otf interest 


had a 


thiog]y 


liscovet other reducing agents 
used 


action. For that purpose we 


lL. hydroquinone, and stannous chloride 


1 


thioglveolic acid in alkaline solution 


NaHSO Hydro 
1; 


had a very distinctive 


action oft 


about the same 


as : ot 


quinone and stannous cl 


iction but much smaller than that of the other re 
nts. It is 


that NallSO 
| | 


elycolic acid can reduce the evstine linkages in woo! 


known and thio 


well 
Weil 


under certain conditions | 39 The degradation ot 


the protein in the cuticle laver, however, cannot be 
hecause the protein was 
degraded heen 


The 


1 1 ry 
iMkage ol the 


chlorinated pre 


viously. chlorine o said to attack the 
woot fii. 
for the chlorine action have 


If the 


the action ot 


cystine but other explana 
also been otfered 
transformed to lan 
NalHtSQ, should” be 
Neish Speakman 
nade this transformation by immersing the wool in 
O1N NaOH for 1 day 
treated sample, this wool was 


md NalisSO 


were compared 


cvstine could he 
very 
[38] 


much reduced = {. and 


Together with an un 
treated with chlorine 
, and the area shrinkages due to felting 
They found much greater shrink 


age in the NaOH -treated sample, and from this they 
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concluded that the chlorine attacked the cystine link Cl for 2 minutes at pH 1, measured, treated with 
ages. In order to determine whether the increased 14 NaHtSO, for 2 minutes, and measured again 
shrinkage was due to an inhibition of the action of Figures 6B and C give the results. There is a great 
NaHSO, alone or of both the Cl and the NaHSO,, decrease in the action of both Cl and NaHSO, on 
we repeated the experiment but measured the fric the NaOH-treated sample. The same can also be 
tional properties instead of the area shrinkage. “Two seen from the dry chlorination. The NaQOH-treated 
samples, one untreated and the other treated in O.1.A fibers were conditioned at 65°> R.H. and treated for 


NaOH for 24 hours, were chlorinated with 0.01% 10 minutes with Cl in CCl,, measured, and treated 


4 Po KF, 


> 
9 
® 


‘ S © 
D 2o 
of the scales ( ki} 


DS 
NO 


~ 
& 
Cc 
Q 
= 
4 
x 
3 
1°) 
~ 
c 
9 
Y 
° 
cs 
Vv 
9 
Ss) 


Resistance 


“~ 
S 
Y 





z > = 
Number of measurements 


Pic: 9. 4 Treatment with KMnO, for 10 minutes. Variation of fricti 
measurements The figures in the diagram area give the no litv of KAInO, 
tre subsequently treated with 1° Nal1]SOs f 
C——Treatment of air-dry fibers with 206 KOH in 95% alcohol. Vartation of friction with 


number of measurements. The figures in the diagram area give the time of treatment in m1 


b The same as A except that the fibers 
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NaHSO.. tor 


increased considerably 


with 1‘ The 
the 


decreased 


2 minutes average 


friction 


after chlorine 


but in this case it somewhat 


NaHlSO 


1 
scale 


treatment, 


after the treatment. There was no etfect 


The 
compared with those of 


NaOH 


on. the 


resistance results are shown in 


Kigure SC and should be 


Figure SA, obtained from. fibers without 


treatment. 
Krom these results it must be 


NaHSO., are 


s. However, this is no obvious explanation 


concluded that both 


chlorine and able to attack cystine 
f why it is possible to sensitize the wool to NaHtSO 
slight Either the 


itself could be activated bv 


by a very chlorination cvstine 


linkage chlorine, or an 


attacked, 
the latter involving two different actions of chlorine 


] 


ISO), the 


ither part of the wool structure could be 


presence of different kinds of evstine link 


ages could produce the same results | 39 Chlorine 


] 


is believed to split cystine linkages and 


also to act as 
This oxidation effect can 
this 1 


it should be possible to produce the same ett 


an oxidizing agent [41 
be responsible for the activation, but i 
Cast 


vv another oxidizing agent that cannot be linked to 


the cvstine linkage For this purpose, potassium 
permanganate was chosen (cf. [1 

(d) Combined Effect of Potassiun 
md Sodium Bisulfite The were ti 
10 minutes in of KMnQ, of three 
and O.OVN, in 


with 


fibers 
solutions 
ent concentrations, LV, O.LN, 
The 
tion and number of measurements 1s wn in Fig 


ure OA 


O1A 


HoSO, variation of friction concentra 


Both coefficients increase, but the ditference 


iust be 


Theretore. it n 
fluenced, 


is not affected 


ily the surface laver is im 
destroved ()y 
MnQ 
fiber merea 
O.1N KMnO, for 
O.1N NaOH, the fil 


an ordinary 


Is not 

that the 

if the 

fibers treate nm 
inmmersed in 
more rapidly that fiber on 
removed 


| 46 


vertheless 


the scales have beet 


“Chlorzvme” 


process 


1 


lative ittack ne 


miterior ot the tibet and Is not con 


reated fibers afterwards 


» 


solution. for nunutes 


Were 


From these it ts 


a sensitizins went 


substance 1s 


riction almost 
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disappears. The elastic properties of the fibers are 
not much affected—at least in relation to the degra 
the cuticle. But both the permanganate 
and the bisulfite must have penetrated the fiber thor 
oughly 


dation ot 


‘Because the fiber has not been degraded 


as a whole, we must draw 


the conclusion that there 


is a considerable ditference between the 


chemical 
structure of the cortex and the cuticle. In all cases 
in which the scale substance is removed, we have got 
the impression from the frictional behavior that the 


first attack is the that a 
to cause degradation of 


This 


plies also to the chlorine treatment 


restricted to cuticle and 


stronger attack is needed 


the cortex to the same extent liscussion ap 


It is, however, 
more difficult to distinguish the effects in that case, 


because chlorine alone (without bisulfite) 


Causes 


11) 


increases both in friction and in cuticle degradation 


(f) Treatment with SO.CL, |14 Farnworth and 


Speakman |&] have shown that the etfect of SO.CI 
on wool is actually a dry chlorination, the impurities 
of oleate acting as a catalyst and producing a decom 


position of SO.CL, on the fiber surface. Fibers were 


treated with 27 sulfurvl chloride in kerosene for 10 


munutes and a great ditference found between 


Was 


ether-extracted wool and wool 


acid TI ¢ 


The results are in good agreement with those of Fart 


unpregnated wit! 


olen Figure 7.\ 


results are shown in 


worth and Speakman, thus showing that treatment 


] 


with sulfuryvl chloride c: vw considered a dry chlo 


rination 


KOH in Al 


lcohol When 


alcohol Yi. at was 


hibers 


were treated with KOH in 


found that the attack was purely superticial and did 
25| \ir-dry 
KOT 


in Figure O¢ 


not affect the scale resistance | 23, 
fibers 


were treated for various times with 2° 
alcohol The 


was no change 


results are shown 


in the scale resistance 


Inhydrocarboxyglycine, Papain, and “Ko 
( Through the courtesy of 
\r Middlebrook, of 
Naugatuck Chemical 


Rubber ( ompany, 


Professor Speakman 


] 


l ind, 


and Leeds, Engk and of the 


Division of the United States 


Naugatuck, Conn., we obtained 
sal iples qt wool anl vdrocarboxy 


| ‘hlor 


treated with (/) 


) } 


glycine [3], (2) papain, according to the 


zyme" process [46], and (2) an unknown synthetic 


material, according to the “Koloc” process, respec 


tively (In the meantime, Makinson [31] published 





\PRIL, 1949 


PABLE II 


Sample Treatment M rm 


Untreated 0.36 0.18 

$¢;), solution of anhydrocarboxy 0.53 0.46 
glycine 

“Chiorzvme" 0.05 0.61* 

“Koloc”’ O41 0.20 


* In this case we could not decide which was the tip end or 
the root end when the fibers were mounted, so the highest of 
each pair of tive values were taken as pu There is no sig- 


nificant difference between w and u 


measurements on wool treated with anhydrocarboxy 
vlycine. ) 

Fable I] gives the results. The measurements were 
performed in distilled water In sample 1 there 
Was an increase of the average friction and a slight 
decrease in the scale resistance, probably due to a 
masking of the scales. In sample 2 there was about 
the same high friction as ina chlorinated fiber and no 
real ditference In the dry state the “Chlorzyme” 
treated wool has three times as Ingh a friction as ordi 
nary wool, The value is about 0.30, which 1s the 
same as that for viscose rayon staple fibers. In sam 


ple 3 there was no indication that the reduction in 


felting is due to a change in frictional properties 


The elastic properties of the fibers were not changed 
It is probable that the effect of the treatment 1s due 
to a formation oft adhesive bonds between the fibers 


in the cloth, thus reducing their mobility. (cf. 131] ) 


It has been found that this is partly the case in at 
felting treatment with melamine resin | 27 
recent publication, Stock and Salley arrived 


same conclusion |43] 


Friction Between Fibers Measured in Sodium Ole: 


It has been previously reported |[23| that the fri 


tion between two chlorinated fibers in sodium oleate 
solution is very low. These measurements were fur 
ther extended to include tibers with different treat 
ments. A 2% sodium oleate solution was used. The 
results are given in Table II]. For comparison, the 
results in distilled water are also givet 

It has been mentioned before that under certain ci 


cumstances a lave degraded protein can act as 


lubricant between fibers and thus lower the tri 
tion. ‘This lubricating laver is formed especially 


alkaline solution Owing to an increased swelling « 


the damaged protein (cf ). When this layer 


] 


is removed by repeated abrasion, the friction ses 


again to a high value. The solution sodium oleate 


s 


is alkaline, and the action of sodium oleate c¢: 


contused with that of an alkaline solution alone me 
Was investigated by Mercer [33] the 
protein layer is removed, however, tl 
considerably lower in sodium oleate 

solutions without oleate 

of sodium oleate is due 


soap itsell 


PABLE Ill FIBER FRICTION MEASURED IN SopiumM OLEATE AFTER VARIOUS FIBER TREATMENT 


Untreated 
0.05, Cl, pH 5 
1.V KMnQ, in 0.1.V H.SO, 
1V KMnQ, in 0.1.V H.eSO, + 1°, NaHSO 
O.1.V KMnQ, in 0.1.V HSO, + 1°, NaHSO 
0.01.V KMnO, in 0.1.V H.SO,; + 16, NaHSO 
©) KOH in alcohol (tibers air-dry 
SOLCls in kerosene (bers air-dry 
$17 Clin CCl, (tbers conditioned at 65°, R.H 
31 Clin CCl conditioned at 65°, R.H 
$M Clin CCl, (h dried at 105°C 1 hr 
317 Clin CCL, rs dried at 105°C 1 hi 
3M Clin CCl, s treated with NaOH 
Scales removed by rubbing the tibers against emery 
cloth 
Nvlon staple tiber 


time of tr >a, number 


t When the apparatus is arranged to cover a wide range 


Distilied water 
Mi 
0.13 
0.68 
0.37 
70 
67 


17 


ot trictional coethicient 


i higher relative error than the higher coefficients, thus making these values more uncertain 


eee 
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analysis [11, 29], staining technique {[15, 16], and 
rABLE IN FRICTION OF CHLORINATED FIBERS 5 


eit tien: eat Miami Mindat light-microscope [19, 21, 22, 40] and electron 

i. tintilied water a; and. os were both’ 6:01 microscope investigations [12, 18, 34, 35, 36, 37, 47| 

aa have shown that it is different from the cortex both in 

se ea aa pil chemical composition and in histological structure 

1°; Nyfapon,* pH 11 even the cuticle itself is not a homogeneous substance, 
1©, Nvtapon, pH 5 

; y a om t pH | | 5 structure : ' 3 t, 35, 36| 


for different parts of it have different histological 


0.26, Sapamin KW, pH 4 With the electron nucroscope it has been possible 
0.2¢, Sapamin KW, pH 1 to disclose the following parts of the cuticle 
Non-ionic detergent 


5 On the surface, which is most important with re 


cohol spect to friction, there is a thin laver, the epicuticle, 
which behaves ditferently from the wool keratin to 
ward chemical agents |24. 28]. Underneath are the 
active agent with a long aliphatic chain of carbon scale shields. which can often be observed in disin 
atoms \nother anion-active agent, a sulfonated tegrated wool. In between the surface membrane 
fatty alcohol, “Nytapon,” was tried and gave the same and the scales there is an intermediate laver which 
result as the oleate, which is seen from Table IV. can be hardened—e.g., by formaldehyde [34]. The 
Phis agent gave a low value even at pH 5 epicuticle can easily be removed by shaking slightly 
It is known that those metals which are capable of — chlorinated wool fibers in water The water sus 
forming salts with fatty acids will be lubricated: by pension can be investigated under the electron micr 
these acids, and it has been assumed that this effect scope directly, or it can be clarified by means oi 
due to an adsorption of the amionic agent on the strong hydrochloric acid, which leaves the membrane 
surface, the fatty chains p omting outwards and caus Iragments fairly clear These fragments have a very 
ing the lubricating effect [4]. There is a temptation dense structure and a thickness of about 100 A. every 
to suggest a similar explanation for the lubricating — \here. Figure 10 shows:a gold-shadowed picture of 
fect of fatty acids or sulfonated alcohols on chlo a membrane. The epicuticle is the obvious explana 


tion of Allworden’s reaction | 2, We have beet 


able to obtain it even from) wool howing All 


WI 


rinated wool. Such an adsorption could also aid 11 
explaining the better scourability of chlorinated wool 


, Sakae eaenh inh gene! KAAS aN 1] eas 
However, it lot in agreement with the generally worden’s reaction. — | stronget 
. ; ‘ : 
accepted view of the polarity of chlorinated wool, 
| I ‘ chlorination and a more \ waking, the imter 


inated wool 1s more acid than mediate laver and the sc: hiel an be removed 
The intermediate as a striated structure, 

vith deep grooves running 1 direction of the 
(34, 44] 


: -_ ans Te ee ee eee aol 
From the experimental data it is seen that . From this knowle of the cuticle we can draw the 


igre 


Discussion 


agents can change the frictional properties ot J following conclusions of its connection with the tr 
in manv wavs | hange produced depend ,  uonal properties 

the chemicals used and the structure of the attacked Untreated wool, both wet and dry, has a low 

bstance frictional coefficient (with-seale) in relation to othet 

fibers |26], and the value for the dry wool (pu 

about 0.1) is not often obtained even with lubricated 

two mait metal surfaces. Obviously, the epicuticle 1s responsi 


and the ble for this extraordinary property. When the sur 
substance face of the wool 1s attacked—e.g., by KOH. in alcohol 
Irop the epicuticle can become badly damaged, which 
becomes evident from an. incre: I he friction 
porting body lest of the work on tl mn” 1 The membrane can, however, 


of wool has been do mn the ubsti sand obtained from the wool. When the wool 


very little wn about t cutic] | al omitted to dry chlorination the epicuticle 1 
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loosened) somewhat from 


the underlying surface and 


tacked but is probably 


crumpled or removed 


mechanically, thus exposing another mate 


surface 
rial with other frictional properties. 


The chemical attack is not confined only to the 


surface laver. It can penetrate the fiber more o1 


less, depending upon the swelling action of the me 


dium. However, we are interested only in the 


penetration through the cuticle. Destruction of this 


cuticle means that the scales lose their resistance to 


mechanical abrasion. By the term “scales” we mean 


the overlapping shields visible in the optical micro 


scope. We do not know whether the scale resistance 


is due to the intermediate laver, to the scale shields 


or to both. The diffusion rate of the agent plavs 


an important role. which is obvious from the dry 


chlorination of fibers at ditferent relative humid 


ties. If the ditfusion is slow, chemical attack severe 


enough to destroy the scale resistance may be re 


stricted to a relatively thin layer. If the intermediate 


layer is responsible for the scale resistance, it would 
perhaps be enough to attack this substance. In a 
practical treatment for changing the frictional prop 


erties of wool, it is therefore important to know 


whether this is the case, and also to know the chem 


cal composition of both the intermediate layer and 


the epicuticle. This knowledge would give us a 


better chance to tind and apply appropriate reagents 


which do not cause damage to the rest of the wool 


It is important to decide whether for a particular 


purpose it is necessary to reduce the ditference in 


friction (i.e., lower the scale resistance) or whether 


it may be sufficient to increase both pw, and p, with 


out changing the difference between them (7.e.. 1n 


crease the average friction). One condition for felt 


ing is that there must be a difference between yp 


On the other hand, », must not be too high 


ind pe 


if felting is to occur, because the fibers must. slip 


against each other under the action of the mulling 


machine or the rubbing during laundering. Thus, 


an anti-felting treatment can result from an increase 


Ot op even if lu Is also increased Che choice be 


tween these possibilities of anti-felting treatments 


offers several ways of approaching the practical 


] re ble eal 
Appendix 


In order to estimate the variance in the frictional 


coefficients between different fibers submitted to 


nts and also to estimate the 


} 


ditferent treatme error 


variance, a statistical analysis was carried out lwo 
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typical examples were chosen—namely, the measure 
ments represented by Figure 3 (pH 1) and Figure 
7B. 


measurements performed on 30 


In addition to these, an analysis was made of 
untreated fibers 
For the calculations, the methods given by Davies 
|7| were used in general. 

In the case of Figure 3 (pH 1), four pairs of 
fibers were used throughout all the measurements 
Krom the total sum of squares were subtracted: the 
sums of squares between treatments, between fibers, 
between consecutive numbers of measurements, and 
the interactions of consecutive numbers of measure 
of consecutive numbers of 


ments with fibers, meas 


with 
The 
squares of the errors due to the apparatus and to 
the operator We are 


urements treatments, and of treatments with 


fibers remainder was taken as the sum ot 


interested in the error vari 


ance, Ip, and the between 
fibers, I” 


obtained by 


true variance pairs ot 
The variance between pairs of fibers as 
v calculation is denoted by nl’), where n 
is the number of tests on each pair of fibers. The 


following formula is valid: 


ni 
n 


is the sum of |’, and the interactions in 
The 
found to be 


and ki, 


nl , ON 


where | 


volved variance between pairs of fibers 


both 


I”, 1s based on 48 degrees of freedom and 


Was 


highly significant for values of u 


, , ‘ ; 
3 degrees of freedom Phe following table 


gives the tinal results of the calculation 


Mh a kk 
0.034 0.040 
0.016 0.050 


Error standard deviation, VV; 
Standard deviation between pairs 


0.120 
0.050 
of fibers after eliminating error 


and interactions, VV, 


The experimental conditions for Figure 7B dit 


fered somewhat from those for Figure 3 (pH 1 


For each treatment fibers were taken at ran 


four 


dom from the sample Krom the total sum. of 


squares were subtracted the sums of squares be 


tween treatments. between pairs of tibers within 


treatments, and between consecutive numbers ol 


measurements, and the interaction of consecutive 


numbers of measurements with treatments, to give 


the sum of squares of the errors. The same proce 
dure as before was used to calculate the true vari 
ance. The variance: between pairs of fibers is highly 
significant for p but is insignificant for Al*, 
ised) V; 1S de 


vrees of freedom and nl 


and y 


( 


(5% probability 1s is based on 


on 12 degrees of freedom 
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PrABLE \ 


Number of Measurements 


Ne in 

















Phe following table gives the resul ar 1 Tab The variation between pairs of 


and nl aQre¢ based on 


rm 

] ] \ ly 

Error standard deviation, VV; 0.049 0.035 t< 1 ! cuively 

Standard deviation between pairs 0.063 0.001 
of tibers after eliminating error 

0.009 

ind interactions, V1 . 

OO] 


Fach point in the diagrams is an average 
measurements The standard error of the mean 
therefore is 

error standard dev lod 


v4 


Che variation 1 With-scale ional coefficient 


is mucl wan that obtained by Frishman et al 


For completeness the variations calculated above 10 This diserepaney is probably partly due to a 


should be compared with the variations for untreated — much better defined area of contact for the experi 


fibers. For this purpose 30 untreated pairs of fibers | ments reported here lf a fiber is stretched over a 
were taken at random from the same sample of a 46's — cylindrical felt surface, as was done by Frishman ef 


South American Crossbred. Instead of the variation W., this fiber has contact with several tibers in the 


in kF,, the variation in s = 1/p 1 pw, was calcu , These fibers are not oriented in any special di 
lated. The latter expression is of more interest for the tion t hfferent contact points all arrange 


felting phenomenon. The results of the measurements — men f the ty hiding fibers to anti- 


g ii ( arall t 
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parallel are possible. In order to get reproducible 
results, the distribution of all these cases must be 
known. Otherwise an uncontrollable source of vari 
ation is introduced. If the distribution is random, 
the with-scale frictional coefficient should be higher 
and the anti-scale frictional coefficient possibly lower 
than in the true antiparallel state. 


There is very good agreement between the stand- 


ard deviations of the frictional coefficients in the 
three cases examined here, especially when it is con 


sidered that the treatment may introduce new vari 


ations 


Summary 


1. A procedure for the measurement of frictional 
properties of wool fibers in the twist friction meter, 


aiter consecutive treatments, has been described. 


The apparatus also offers a possibility for estimating 
the abrasion effect on treated fibers during the meas- 
urements 


) 


2. The chlorination of wool fibers first increases 


both anti-scale and with-scale friction. Ina later state 
of the treatment (longer time, higher concentration, 
or lower pH), the scales are attacked: and the scale 
abrasion. 


substance is easily removed by 


3. Even if the chlorine action is so small that it 


produces no change in frictional properties, this ac 
tion sensitizes the wool to a later treatment with re 


ducing agents—e.g., sodium bisulfite—which cause an 


increase in the friction. If chlorine gives an effect, 


it is more pronounced when the wool is after-treated 
with bisulfite. 

4. Dry chlorination can be directed (by means of 
that the 


a thin surface layer 


changing the humidity of the fibers) so 
chlorine action 1s restricted to 
and so that there is either no or little action on the 
scale substance 
not at all, 


water 


Chlorine reacts only very slowly, or 


with the scale substance in the absence of 


5 


Potassium permanganate causes an increase in 


both of the frictional coefficients, but it does not de 


| it yw 


with sodium bisulfite pro 


stroy the scale substance as chlorine does. 


ever, an atter-treatment 
duces this etfect 


6. It is obvious from the experiments that the cu 


ticle is more easily destroved chemically than is the 


there 


cortex Therefore, must be a difference in 


chemical constitution between these substances. 


4 \coholic potash itfects only the surface ot the 


fiber Anhy lrocarboxvelveine probably masks the 


i ji rat \ 11) 
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scales In the “Chlorzyme” process the scales are 


removed. “Koloc” and other resin treatments for 
anti-felting probably owe their effect to a gluing of 
the fibers, thus reducing their mobility. 

8. Sodium oleate and other anion-active agents in 
alkaline or neutral solutions cause a considerable de 
crease in the frictional coefficients, especially of chlo 
rinated fibers. There is no similar effect for cation 
active or non-ionic detergents. 

9. The frictional behavior of wool and its change 
with different reagents is explained by the histologi 
cal structure of the outer layers of the wool fiber 
From the outside there is a chemically resistant 
membrane, about 100 A. thick, an intermediate layer, 
and the scale shields. This view of wool histology 
opens new ways of modifying the structure and oi 
changing the frictional properties—e.g., for 
felting treatments 


anti 
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Formaldehyde Curing of Zein Fibers 


Cyril D. Evans and C. Bradford Croston 


Vorthern Regional Research Laboratory,* Peoria, Illinois 


Abstract 


Conditions necessary for the rapid formaldehyde curing of zein fibers were investigated and 
a continuous two-stage curing process was developed. The first stage (precuring) consists ot 
a mild cure to introduce approximately 0.75 percent formaldehyde into the fiber and produces 
after stretching, a fine-diameter fiber of exceptional strength and elasticity The second stage 
(post-curing) consists of a strong cure to introduce about 3.0 percent additional formaldehyde 
into the stretched fiber to stabilize its length. 


bound under both alkaline and acid conditions, but it is only under acid 


Formaldehyde is 
conditions that any curing occurs. Ammonium salts act as catalysts for the reaction in the 


pH range 0 to 4 and the resulting fibers are stable to boiling in mild alkali. When cured unde 


highly acidic conditions (below pH 0), the fibers are stable to both acid and alkaline boiling 


Tue PROTEIN-FORMALDEHYDE REAC amines on the curing of zein films and plastics. The 
PION is a basic reaction in the preparation of all) importance of salts in catalyzing the curing of other 
the azlon fibers. Although the reaction is complicated — proteims has not been recorded in the literature. It is 
and leaves much to be desired, no other reaction — surprising to find that many workers have not con 
seems to accomplish the same purpose. Various au sidered the control of pH to be important in the study 
thors [6, 9, 11, 15] have reviewed the recent litera of the protein-formaldehyde reaction. 

ture, and show that every reactive group in protems, Swallen [16] cured zein fibers by baking tl 

with the possible exception of the carboxyl group, maldehyde-treated fiber for & to 10 hours at 

may bind formaldehyde. Zein has only recently 90°C Meigs [13] indicated that hardening ot 
gained industrial importance and the technical litera fibers could be obtained with formaldehyde or other 


ture covering its utilization is largely limited known protein curing agents. Our preliminary work 


patents soon indicated that besides the factors of time, tem 
The reaction of formaldehyde with zein is con perature, and concentration of formaldehyde, the tac 


siderably ditferent from its reaction with other pro tors of pH and salt concentration were very impor 


teins because of the limited number of reactive groups — tant. Formaldehyde is used in two separate stages 


present. The presence of formaldehyde in an alco in the processing of zein fibers, and an acetylation 
holic or alkaline dispersion of zein does not cause gel step may be performed between these two cures 


ation but acts, instead, to stabilize the dispersion Since ditferent end results are required, it is neces 


The lack of anv evidence of a curing reaction when sary to establish optimum conditions for the two sepa 
zein is treated with formaldehyde under the condi rate cures 
tions used for other proteins has led to the belet that 


. Ss not very reacti art of the ficul as Si 
zein is not very reactive Part of the difficulty ha Analytical Methods 
been the failure to distinguish between a_ reaction 
with formaldehyde and a reaction which resulted in Formaldehyde was determined by the distillation 
a curing of the protein. For zein. the conditions un method of Nitschmann |14] using 0.1.17 phosphoric 


der which the formaldehyde reaction is carried out 2¢cid and performing two to four distillations for each 
} 


are of the utmost importance because entirely dif fiber sample. We have used the technique developed 


ferent or even opposite results are obtainable when 2nd described by Swain ef a/. [15] in carrying out the 


conditions are changed. Swallen {17| has shown the — distillation and bisulfite titration of formaldehyde 


catalvzine effect. of Is. ammonium salts. and This method does not determine irreversibly bound 
« < os . . ‘ be « . < ' ¢ 

formaldehyde and we have made no studies toward 

*QOne of the laboratories of the Bureau of gricultural 

and Industrial Chemistry, Agricultural Research Adminis ap , 

tration, U. S. Department of Agriculture jormed by boiling a measured length of tow, usually 


evaluating this factor. Shrinkage tests were per 





\pRIL, 1949 


TABLE I \ Srupy of 


Precuring conditions 
Formal 
dehyde 
concen 
tration 
Salt 


Sample — in bath in 


No c 


1 $  ° Room 
) 


Tempera 


pH 


Dime 


1 day 
» da. 


C ture 
0.5 
0 


NHC 
NH,C 
NH,CLO 
NEHGCIO 
NH,C10 
NH,CLO 
32°C NH,CLO 
42°C min ) NH,C1LO 
52°C min 2 NH,CLO 
30) NH,C10 
}2 NH,C10 
»7 NH,C1O 

NH,C1O 
NH,C10 
NH,C10 
NH,CI1 0 
NH,C10 
NH,C1 0.5 
NH,C1 104 
NH,Cl § 
NH, 
NH, 
NH, 
NH, 
NH, 


Room 
Room 3 days 
Room day 
Room day 
koom 3 day 


min 


min. 
min 
min 


35 


min 


4? 
42 
}? 


min 
min 


min 


gC 


nin 


min 


min 


5 





min 
min 
min 
5 min SO. 


+3 


14 


+ min 


( 
( 
( 
( 
( 
( 
( 
( 
Cc 
( 
( 
( 
( 
( 
( 
( 


min 


so contained 3 NasSO 


10 centimeters, for 15 or 30 minutes in an acid or 


alkaline bath. The test samples were fastened at one 
end to a stiff wire to facilitate handling and by this 


held 


The acid test was carried out in a 0.1]-percent acetic 


means were submerged during boiling tests 


acid dye bath, without using any dye, and the alkaline 


g 
test was performed in a 1.0-percent sodium bicarbon 
ate solution \fter boiling, the samples were dried, 
while hanging loose, in front of a fan 
Tensile strengths were determined by the bundle 


\ 


of combing and handling was given the boiled samples 


techmique on a Scott IP-2 serigraph minimum 


in preparing test bundles 


First-Stage Cure—Precuring 


Phe object of the first formaldehyde cure (pre 


cure) 1s to produce a high-strength fiber and to ob 
tain sufficient hardening to enable the fiber to pass 


t- 


through the acetylating stage of processing without 


damage. ‘he details of a batch cure were discussed in 


our earlier publication [3]; however, the changing of 


the spinning process to a continuous system necessi 


l 


‘ 


SO, 1° 
SO, 1% 


PRECURING CONDITIONS FOR ZEIN 


concentrator 


1% 


SO, 1% 
my, 1% 


FIRERS 


\cet 
mtent 
of fiber 


Behavior of fi 
during ( 


icety lation 


Overcured 
Overcured 


1.03 


considerable alteration im the 1 


| 4 When the 


formaldehvae 


tated recuring opera 


former weak cure of 1.3-percent 


tion 


easured 


For 


arbitrarily 


was used, time was n in days 


is 


and was not such an important tor the con 


tinuous process, time has been fixed at 


about 30 munutes to facilitate 1) echat a handling. 


shorter feasible 


Fable | 


precuring 


but times are 


shows the results obtained from a series 


studies Satisfactory strengths can be 


developed with a precured fiber of low formaldehyde 


content (0.25 percent), but for the fibers to be suffi 


] 


ciently cured to withstand the acetvlating conditions 


$/ a 


required 


formaldehyde content of over 0.50 percent is 
Mildly 


mixture o1 


1 


cured fibers either dissolve in the 


swell excessively, causing a 


acetvlation 
plastering together of filaments during processing 
Fibers processed under widely different conditions 


exhibit distinct differences in properties that cannot 


be shown by a quantitative determination of formal 


dehyde. The percent stretch that can be given a fiber 


is a fair measure of the amount of cure and is used as 


rapid control method in checking experimental runs 





ry)iel 
could 


precuring reagen 


as those obtained wit 
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FORMALDEHYDE CONTENT OF FIBER, PERCENT 


forma 


QUINTON ¢ 


hyde recoverable from the fiber becomes progressively 
These data indi 


be readily 


less as the time of cure 1s extended 


that conditions for n 


reached and that excessive 


cate MWXWNUM Cure may 


curing gives less control 


of shrinkage 


The conditions of cure and the nature of the fiber 


itself apparently all affect the rates and the amount ot 


obtained. = In with different 


studies 


obtained at 5 as almost equal 


cure 
catalysts, the cure 
to that at 60°C, but a marked] 


$()¢ 


less amount of curing 


was obtained at Although tl etfect of tem 
perature and concentration of formaldehyde 

curing of zein mav not be entirely as expected, we be 
lieve that these results could be 


explained logically 


Zein does not alwavs beha as a tvpt 
We have 


and 


al protein in 


reacting with form: considerable 


evidence to substantia these conditions 


may result from two or more competing protein-form 


le reactions It is conceivable that some of 


formaldehyde is bound in a non-recoverable man 


at the amount bound in this wav increases 


more drastic or prolonged conditions, but 


hich it 1s bound does not aid in stabil 


Pormaldehvde must only be 


not 


mut it must also | 


stabilize the oriented protein 


The most effective 
- 


and to obtain acid 


dye-bath stability the acid concentrations in the curing 
batl | 


must be in the neighborhood of ZO grams of 
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Pani’ ae =_—— a 
ail ° 


uw b on on 
° ° fo) oO 


SHRINKAGE ON BOILING, PERCENT 


ny 
°o 


a 5 
pH OF CURE 


pH of bath 


for naldeh vde at ou ( 


curing on tht 


chloride and hy 


hydrochloric 


QnUNONUAL 


uric acu 


and 
butter 


sulfuric or hydrochloric acid per liter. Figures 5 and 


the effect of 
} 


6 show various cures at different pH 


values as measured by the amount of formaldehyde 


] 


bound by the fiber and 


Fable 
tained 
—— 


4 


by the control of shrinkage 
on the 
formaldehvde in curing baths of 


These 


acid and alkaline boiling 


III gives data control of shrinkage ob 


with ver\ 


1 acidities lata show that zein fibers cat 


and in 


high-acidity conditions formalde 


bound more stable manner than that 


nha 


bound at lower acidities \cidities of over 100 grams 


of sulfuric acid per liter 


precured fiber, espe ciall 


weaken and embrittle the 


vy when non-acetylated, and 


for it to withstand such acidities multiple curing 


baths of increasing concentrations of both acid and 


formaldehyde must be employed The stabilizing 


effect of high-acidity formaldehyde cures has also 
heen observed for peanut protein fibers [19 

The conditions for optimum cure as indicated by the 
maximum control of shrinkage and somewhat by the 
total formaldehyde content are in essential agreement 
with the conditions used by Wormell on zein [18] 
French and Edsall [9] report a maximum curing ef 
tect on zein ata pH of 4, and with little binding of 


] 


formaldehyde under either neutral or alkaline condi 


tions | 


Fraenkel-Conrat ef al. [6] report no ditfer 
ence in formaldehyde bound by zein between pH 3.8 
and 6.8 

The etfect of adding ammonium chloride on 
degree of formaldehyde curing of both acety 


non-acetylated fibers is shown in’ Figure 
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acetyl content of the fiber has little effect upon the de 
gree of 


control of has a 


shrinkage. However, acetylation 
beneficial effect upon the “hand” of the fiber by modi 
fying the severity of the formaldehyde reaction and 
improving other properties such as color, water-re 


sistance, and dye uptake, as previously discussed [4]. 


Although an effective cure is largely dependent 


upon the pH, it is also influenced by the presence of 
ammonium salts, especially within the pH range of 
Oto 4. Figure 5 shows the catalyzing effect of am 
monium chloride upon the formaldehyde curing re 
Included for 


action at various pH values 


contrast 
are the curves for formaldehyde curing obtained in 
citrate- and phosphate-buffered baths in the absence 
The concentration ot 


of ammonia 1ons aninoniuim 


chloride usually employed is high (50 g. per liter) and 
far in excess of any amount needed to act as a catalyst 
\dequate cures can be obtained without ammonium 
salts but only at a very low pH, as is shown in Figure 


7 and Table II]. The 
) 


the effective pH about 2 pH units 


use of ammonium salts raised 
However, even 


in the presence of ammonium salts and at pH values 


PABLE II] 


ON Fe 


VERY 
CURING oO} 


EFFECT Ot 
IRMALDEHYDI 
AS MEASURED BY 


HiGu ACIipiTits 
ZEIN FIBERS 


CONTROL OF SHRINKAGI 


Concentration * of Shrinkage upon boiling in 


1°, sodium 
0.1% tic acid bicarbonate 
\cet Fiber \cet Fiber 
\mmonium lated precured lated precured 
\cid chloride tiber only fiber only 
| | ‘ ( ( ( 


y./t g./l 


Hydrochloric 


acid 


OS 
136 
17 
44 
OS 
136 


Sulfuric 
14.3 5 44 ua) 
IS ») 40 15 
37.2 ; 15 2 10 
1i4 16 5 
200 15 14 10 
286 1 14 16 10 


*Curing bath 


minutes 


formaldehyde at 60°C for 15 


formaldehyde cure, when measured by the 


SHRINKAGE ON BOILING, PERCENT 


3 4 
pH OF CURE 


above 2. xoth the amount of formaldehyde luce 


nitro 


uid the control of shrinkage becomes progressively 


less, unti 


at a pH of 4 little catalytic effect is notice 


chloride is) more 


able \mmonium effective as 


catalyst than is ammonium sulfate, but it 1 


s also more 


orrosive to stainless-steel and lead-lined equipment 





ind for this reason we preter to use ammoniun su 


tate 


In addition to the catalytic effect, ammonium salts 


have a dehydrating effect on the fiber and are effec 
tively used to prevent plastering and 
fiber The 


ferent ammonium salts (above 5.grams per liter) has 


s 


stiffness of the 


effect of varving the concentration of dif 


heen investigated, but only small ditferences in fiber 


properties have been noticed for large 


Many 


s] own the 


changes in 


salt concentration 


morganic salts have been 


tried, but none have catalvtic etfect of 


the ammonium salts; amine salts are also much less 


effective than ammonium salts he effects of vari 


ous salts on the formaldehyae 


Tables IV and V 


concentrations ot 5-10 percent has proved 


curing of zein are 


shown in The use of sodium sui 


late mn 
adequate for the control of plastering in the 
baths 


rapid, 


high-temperature that 


formaldehyde cu 


ring 


have been used for zei 
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FABLE I\ ErPECT ot l FORMALDEHYDE CURI rABLE \V TEMPERATURE AND SALT Errect 
#” ZEIN FIBERS AS ‘ ONTROL OF SHRINKAGI FORMALDEHYDE Curr IN CONTROLLID 


SHRINKAGE OF ZEIN FIBERS 


Sa 
\mmonium cl 
\mmonium cl 
\mmon 


] 
| 
| 


nimon 


\r 
\mmoniun 


onditions, . Figure & shows results obtained 


} 


g alkaline-dispersed zein (pt 12.0) with 


tin 

ng amounts of formaldehvd High tempera 
1 

* used W a tll 11s lions because 

eels and coagul: l ) | itinys \lso, the 


mited to the narrow nee in which zein is dis 


Phe maxin 


ently, 
, A 
marketed 


7¢ 


8 


ON 
w 
o 


NKAGE C 
rm 
oO 


SHR 


5 


0 2 3 4 5 6 
FORMALDEHYDE CONTENT OF FIBER, PERCENT 
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than regular zein is, and alkaline dispersions made 


from zein A can be heated without danger of im 


mediate coagulation 


Under long heating and in the 


presence of denaturing agents, zein A will thicken and 


ultimately give a stiff clear gel. 


s 


In Figure 9 the formaldehyde content ¢ 


fiber has been plotted against the amount 


dilute alkali of each treated fiber 


gvardless of the litions of treatment 


the sample, F - { the curing ba 


was above 1 general, a fair correlation 


served between the formaldehyde content 


control ot shri kage It appears that 


boiling conditions a formaldehyde content of approxi 


] 


mately 4+ percent is required to give an adequate c« 


trol of shrinkage 


cannot 


ng stable acid-bound 


Some indirect evidence 


formaldehyde bound may 


Since formaldehyde bound 


ditions vields fibers st: 


boiling, it is accepte 


treatnent 


Xtensive 


WOoOTK 


Col lito 
curing 
(> reporte 


terature 


ups 


onditions 


schmann |[14 


thie Mportance 


110} ly tl 


and collagen, 
absence ot free 
not cure ‘| 

free amine groups 


vators to believe 


that 


ber tron 


Recently Fraenl 


very interesting 


teins lacking 1 


RNH 2HCHO 


HNCH NCH ONH 


dimethylo 


rrouUDS 


were 
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ther to give a methylene or oxymethylene linkage un 
der the acid dehydrating conditions. 


Pr alkali Pr 
or 
+ HCHO >CO 


acid 


CH (FF) 
HNCH.OH 
Pr Pr 
A + acid 
——————} (0 CO 
dehydrating } 
HNCH.OH conditions HHNCH2OCH2NH 
Pr Pr 
CO CO 
HNCH.NH 


where Pr 


the protein molecule. 


The maximum amount of formaldehyde bound by 


zein fiber (slightly over 5 percent) approaches the 
ratio of one mol. per mol. of amide nitrogen as calcu 
lated 


from ammonia nitrogen of hydrolysis [2] or 


These meth- 
> 


4 deamidation with nitrous acid [18]. 


ids give equivalent formaldehyde values of 7.72 and 


.34 percent, respectively 
These reactions explain the results that have been 


observed by us with zein fibers, films, and plastics 


and are in agreement with similar postulations by 


others. Although formaldehyde-amide reactions are 


reported [6] to occur between pH 3 to 7 (70°C, 4 


days), we have found little curing action and less than 
1 percent formaldehyde bound within this pH range 


(70°C, 2 hours). In studies on protein plastics, 


Brother and McKinney |1! failed to get a typical 


curing reaction with zeim \n increased water ab 


sorption was noted and we have tound the 


be true for formaldehyde-treated films. 


same to 
Formalde 
bound to. the 


«ie Was 


protein, presumably as a 


nethvlol group which would be 


~ 


more hydroscopic 
an an unaltered amide group and would not harden 


e protein. Under either acid or alkaline conditions, 


highly stable alcoholic dispersions were obtainable 


with formaldehyde, and films or plastics prepared 


from these dispersions were very hydroscopic [5]. 


However, upon baking of a zein film prepared from 


acid-catalyzed and formaldehyde-reacted zein a very 


hydrophobic film was obtained, the water absorption 


value being less than a tenth of that for the untreated 


film. The baking of the alkaline 


catalyzed formalde 
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hyde-reacted zein will not produce a water-resistant 
material. We have recently found that formaldehyde 
introduced into zein under alkaline conditions can be 
utilized in curing reactions upon acidifying and 
baking. 

Although the reactions proposed by Fraenkel-Con 
rat and Olcott [8], whereby an amine, along with 
two moles of formaldehyde, becomes part of the cross 
link between two amide groups, are plausible, they 
are not in total agreement with our observations. 
The cross-linking seems to occur in the absence of 
amines at very low pH values, and baking of the re 
acted product also is etfective although no amines 
are present. The Mannich type of reaction [7] would 
be a possible cross-linking mechanism for zein only 


s 


atter the addition of an amine or with ammonia re- 
leased by hydrolysis. — 

It is assumed that stability results from cross-link 
ing or bridging of the amide group between the vari 
ous protein chains. <All results indicate that cross 
loes occur in zein fibers and that it is most 
fiber 


the amount of stretch that can be applied depends 


linking « 


easily demonstrated in the low-cure where 
upon the amount of formaldehyde introduced at high 
acidity. 


bility 


Similarly, a marked difference in the solu 


of the fiber at various stages of cure can be 


shown. Precured fibers of low formaldehyde con 
tent dissolve and swell in aqueous alcohol and ace 
tone, whereas strongly cured fibers are very resistant 
Likewise, hot phenol dissolves the precured fiber but 
does not dissolve the strongly cured one. A fair cor 
relation was shown to exist between the loss of form 
l 


aldehvde and the amount of shrinkage as formalde- 


hyde is removed from the fiber by boiling acid 


Summary 


Conditions necessary for a rapid, continuous form- 
The 


process developed at this Laboratory involves a two 


aldehyde curing of zein fibers were investigated. 


stage cure, the first being a mild cure introducing ap 


proximately 1.0 percent or less of formaldehyde 
By stretching the first-stage fiber 200 to 300 percent, 
a strong, resilient fiber capable of withstanding fur 
\fter an 


optional acetylating process, the fiber then undergoes 


ther processing treatments 1s produced 


a second-stage cure with strong formaldehyde in or 
der to stabilize it to conditions which it will encounter 


1M} Use. 
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Optimum conditions for the rapid curing of zein 
fiber were obtained in 15 to 30 minutes at 60°C in a 
10-percent formaldehyde solution. Fibers prepared 
in this manner at a pH of O to 2 in the presence of 
ammonium salts are stabilized to alkali. To obtain 
zein fibers which are stable to boiling acid, the cure 
must be carried out in formaldehyde baths of very 
high acidities (70 grams sulfuric acid per liter). The 
ammonium ion is not an effective catalyst at these 
high acidities. Salts help to control plastering and 
openness of the fiber. 

Formaldehyde is bound both under alkaline and 
acid conditions, but evidence of curing—i.c., cross 
linking—has been obtained only under acid condi 
tions. The curing action of formaldehyde is believed 
to be a two-stage reaction through production of 
methylol amides, which later dehydrate to form 
methylene or oxymethylene bridges between the 


amide groups 
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Application to Viscose Rayon of the Differential 
Dyeing Test for Cotton Maturity 


W. Armfield and John Boulton 


: a ; 
Courtaulds'Ltd., Drovisden Laboratory, Manchester, Eengland 


A PEST for the detection of immature, thin- 
walled 


cotton 


cotton, using a binary mixture of direct 


dves, has been reported by Goldthwait, 


Smith, and Barnett [5 Phe test involves a dve 


ing technique in which normal thick-walled hairs 
assume a red, and thin walled, a vreen color Is 
simple to carry out and of obvious usefulness tor 
the pre-identification of neppy cotton 

Phe present communication concerns the appli 


cation of this tec hniqu : ravon in the form 


tO VISCOSt 


of staple fiber Goldthwait has suggested [4] that 


the red and yreen dves chosen May have SOT 


specific affinity thick- and thin- 


walled cotton celluloses We 


respectively for 

have not studied this 
possibility for such cottons, and that may be so. 
But, based upon previous studies of dye diffusion 
nto many forms of regenerated cellulose—in_ pat 
ticular, viscoses of varving filament dimensions—tt 


seemed to us that two known factors could them 


selves provide a basis for the very useful observa 


tions of Goldthwait et These factors are: 


1. Direct dves may ditfuse into cellulose at ver 


widely different spee Is In facet, Boulton’s figures 


1) tor the Goldthwait ef a/. are: 


lin e€ of 


silt { ”, 
Hatl-d veune 


es List ra by 


ictual dy 


Diphenyl Fast Red 7BL 
C.1. No. 278 
ist Gareen BLL 55.2 


OSS minut 


Chlorantine | minutes 


These times are a roughly comparable measure of 


ditfusing rates of the two dves into a given cellu 


losic fiber. 


added the corollary that 
dyes which dittuse relativel 
vlils 


which 


Po this factor might be 
rapidly also wash off 


nto water relatively re This is cogent to the 


cotton matur test, neludes a hot-water 


after dvein 


thick tiber a 


stripp ne 
2 ME a 
tovether 
l Phe 


n the 


thin fiber are dved 


finer filament will dve the more rapidly 


initial stages on account of the 


Yreatel 


surface per weight offered to the dye bath 


kJements of fine-structure such as degree of 


intramicellat 


orientation and = closeness of 


packing have a great influence on dye diffu 


sion | 2, 6, 7 |, and this initial difference may 


be offset in the over-all dveing process by 


ditferences in ease of penetration 

In spite of any differences in dye-absorption 
rate, it will always happen that, when the two 
fibers have absorbed equal weights of dve per 


weight of fiber, the coarse tiber will appear 


the darker | 3 


With thes 


suggestion made by Goldthwait that the test might 


factors in mind, we have taken the 


be tried On Viscose ravon, and have used fibers ot 


known coarse and tine deniers in place of thick- and 


thin-walled cotton 


Experimental Procedure 


The method of dveing given by Goldthwait ef 


is as follows 


Samples of material are dved with 
1.2, Diphenyl Fast Red 7BL (C.1. No 
2.8¢, Chlorantine Fast Green BLL 


] 


1) volumes at the boil for } hour 


eh Na Clis added after 15 and 30 minutes 


Phe material is removed from the dve bath, washed 


well in cold water, squeezed thoroughly, treated in 
30 volumes of boiling distilled water for 30 seconds, 


A slightly 


yive 


and then squeezed and dried. moditied 


version of the test can be used to similas 


results Phe dve mixture, volumes, and tempera 


NaCl ts 
idded before the material is put into the dve bath, 


ture are the is those viven, but 5.0°, 


same 


then dveing is carried out for 15 minutes Phe 


sample is washed off and treated with boiling water, 


as deseribed previously 


Results and Discussions 
Influence of Fiber Thicknes 
Staple fibers, up from Courtaulds bright 
Fibro” 


equal weights, exactly 


mace 


1.5-denier and 50-denier were dved, in 


is in the test 
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to be dved 
red 


denict 


Phe results showed the tine 1.5-d 
and th 


Dveings on a range of 


niet 


green coarse 50-denier to be dyed 


fibers of increasing 


between 1.5 and 50 showed that the shade increased 


in redness with increasing denier up to the tlat red 
‘Kibro” 


and 50 denier 


given by the 50-deniet the range used was 


4, 4.5. 8, 18. 
When 


water, 


examined before the washing in boiling 


all deniers had absorbed some red ave the 


ercen shade on the finest denier developed only as 
Thus, 


behave, qualita- 


this portion of red dye was washed out 


fine- and coarse-denier ‘Fibro’ 


tively, precisely as thin- and thick-walled cotton 


Mounted swatches of comparative dyeings 


have precisely the same appearance as the colored 
photographs in the paper of Goldthwait et a/ 

Phe range of fibers was now dved, in two separate 
with the single dves, 
Fast Red 7BL and 2.8°, 


BLL under the 


In the case ot 


sets, using 1.206, Dipheny 


Chlorantine Fast Green 


standard conditions 


the red, all deniers absorbed dye 


strongly, but depth of dyeing increased sharply 


with increasing denier On applying the standard 


30 seconds’ boiling wash, all the fibers lost an ap 


preciable proportion ol dye. In the case of the 


ereen dve, all fibers were more nearly 


equal 


depth the \ lost very little dve in the 0) seconds’ 

boiling wash 
\ rational 

follows 
Ot any 


different 


these results is is 
two dved tibers of like 
color of 


will always appear lighter 


composition but 


thickness, the the tiner filament 
in ce pth than the thicket 
This 


. dependent on 


for the same weight of dve per weight of fiber 


isa straightforward optical cttect [3 


the fact that beam of light entering the fiber 


and returning to the eve by reflection from innet 


surfaces has to traverse a shorter mean path in 


Phe depth of in 


lo the eve 


thin than in a filament 


coarse 


tensits f color ipparent is related di 


rectly to the mean path length 


This « in be algebr Lit illy expressed in terms of 


amount of dv 
Let C 


required to give equivalent depth 


and Cy be the amount of dve found to 


ve equivalent optical depth on tine and 
md De be 
fibers Ther 

C; dD 

Cy D 


coarst 
fibers, respectively, and D 


diameters of these 


Denier is 


roportional to diameter squared and 


Coarse denier 


\ Fine cle Niet 


In our case 


Po appear equal, the 1.5-denier tiber would need 


to have 5.8 times as much dye on as the 50-denier 
Now with the rapidly diffusing red dye, the dveings 
ifter 45 


mately equal in dye content Phe 


minutes’ total dveing time were appront 


natural result of 
this is that the coarse fibei appeared tbout six times 
as intensely colored as the tine 

wash there is 


than off the 


Furthermore, in the boiling 


red dy ead the tine 


test 
Niore 


coarst 


filament, is much more surface pet 


much larger water-cellulose 
Intertace Phe th surfaces stand in the 
relation of the tiber 1 | ; to 33, which 
Mmecahs nearly six times ! iit lk ares m the 
fine than on the coarse fibe 

all this 


of the test with 


pink ind 


Phe observable, and ine, result. of 


is that the thin fiber 


Comes ¢ 


red dve to Ive i 


enough v the thick 
fiber is full red 

Now the dve 
BLI 
ence in 


We have 


the Oars 


pale 


ings with Chlorantine | 


had shown that, in fact, there was little d 


epth between the fine tibers 


ind COATS 


said that, in theor ind by observation, 


Chis 


and 


red dye ne Was ibout SIX times as 1 


is that on the fine fiber with the same dye 


should be 


if, Chlorantine | 


also of the dveings, if, 


ist Green BLL were at about 
concentration on each dyeing But, un 
1 . 


red, which has reached equilibrium inside 


true vreen 
only 
the sam 
total dveing, this green dve re 


nintutes of 


es many hours to do so, and at 45 minutes the 


] 


in the in wes of dve absorp 
The actual results, t it test conditions 
pl wressivel extending 


rs. were is follows 


stages 1] 5-denier 


than 50-denietr 

ne mixed deniers 
iv fiber 
nfluence At the 


fiber 


es that surtac 


st 


* factor 


has the greatest end of the dv« 


test period, the fine has more green dve than 


has not, however, the six times’ 


should 
But the 


the coarse It 


excess that it have to provide equality in 


appearance tile rs il this stage, are not 
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dyed throughout their thickness with the slowly 
diffusing green dye and the strict optical relation 
does not hold. As stated, the two 45-minute dye- 
ings, containing 3.7 and 10.8°% available dve, respec- 
This 


the boiling-water 


tively, were almost equally intense to the eve. 
relationship is not affected by 
strip, as none of the slowly diffusing green dye is 
removed from either fiber. 

The net result of the differential dyeing rates of 
the two dyes, the differential optical appearance of 
the two dyed fibers, and the influence of fiber surface 
on both rate of dyeing and ease of stripping is to 
give, under the conditions of test, a fine filament 
which looks green and a Coarse one whi h appears 
flat red, and this is what Goldthwait eft al. have ob- 
served for their thin- and thick-walled cotton 
cellulose. 

As would be expected, if dyeing with the given 
mixture is carried on for 5 to 10 hours, fibers of all 
color, since all 


deniers approach a greenish-grey 


contain the red and green in approximately the 


same proportions. Only in 


depth of 
shade are thev ditferent, for the purely optical 


apparent 


reason dlis« ussed 
Phe dveing time of 45 minutes chosen by the au- 
thors of the test is about right with “Fibro,” as with 


cotton, for maximum optical differentiation of color 


? 


2. Alternative Dyes 

Given two dves of widely ditferent dyeing rates 
which could be applic d together, there would appeal 
to be no reason why dves other than those reported 
by Goldthwait et a/. should not be used. Similar 
results to those presented above, on the same two 


deniers of “‘Fibro,’’ were obtained by us using: 


1.8, Chlorazol Fast Orange AG 155 
time of half-dyeing, 
0.27°;) Rigan Skv Blue G 


time of half-dveing 0.21 minute) 


156 minutes) and 


The success and simplicity of the visual test, how 
ever, depends in part upon the purely optical influ 
ence of one color on the other, and the above almost 
complementary colors, although clearly exhibiting 
the expected behavior, did not give as well-defined 
hue differentiation as Diphenyl Fast Red 7 BL and 
Chlorantine Fast BLL. In this 


Goldthwait et a/. have chosen well: their dves are 


Green respect, 


more nearly complementary. 


3. Viscose and Cuprammonium Rayons 
When the standard test is applied to 80/60 cu- 


prammonium (filament denier = 1.33) and 150/27 
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viscose ravon (filament denier 5.6) the former is 


green and the latter red. This is a consequence of 
the very great difference in dve absorption rates of 
the two fibers, allied to the differential: filament 
dimensions, and results from precisely those con- 


siderations given above. 


Modified Viscoses 
One way in which the dve absorption character 
istics of a given regenerated cellulose fiber may be 
without alteration of the 


altered, denier, is by 


steaming under pressure. In other researches we 
have prepared such modified viscose yarns and 
found that steaming under certain conditions can 
reduce the rate of absorption of a given dye and 
also the affinity at equilibrium. 

The present test was carried out with 150/27 
viscose, one sample of which was normal and the 
other steamed, at 45 pounds pressure per square 
inch. The steamed sample represented an extreme 
example of the effect and had a free-water imbibi- 
tion of 61°, 


normal 


as compared with 95-100°;7 for the 


The result was a reddish-purple for the steamed 
The 


color difference was sufficiently marked to make the 


and a greenish-grey for the unsteamed varn. 


test useful for the characterization of this extreme 
type of oversteaming. In practice, dyeing varia- 
tions are produced ( ommonly in bobbin steaming ot 
twisted yarns; here the conditions, and the results, 
are much milder and we cannot forecast the possible 
usefulness of the test as it stands in detecting i 
regular steaming. It is clearly of potential use 
here, and the idea should be followed up using ex 
amples of commercially steamed yarns as a working 
basis on which to make any necessary modifications 


of the test. 
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INDUSTRIAL SECTION 


Vy ith this issue TEXTILE RESEARCH JOURNAL tmaugurates a.new feature—one 


which will broaden the service rendered by the JoURNAL to the research interests 


of the textile industry. This “Industrial Section” will be devoted principally te 
the interests of engineering and applied researe h 
However, it is generally recognized that no clear line of demarcation « 


tween the fields of fundamental or basic research and that research which ts described 


hy the term “applied.” Certainly the type of fundamental research conducted by 


the Textile Research Institute and the Textile Foundation consists of the application 
of fundamental principles of the sciences and, in turn, the findings of this fundamental 
research will be applied to the problems of mill research and development. Furthe 


more, a knowledge of the fundamental principles of the sciences also is of assistance 


and in many mstances ts essential to, the success of mill research and development 


Therefore, it is to be expected that in whatever branch of research one may be 


engaged he will find subject matter of interest and of direct use in both sections 
r iy 


the JOURNATI It is hoped that the new n will promote a closer relations! 


. . 
e research interests 


f the various text 


Frequent requests have been made that the JOURNAL attempt to obtain more p 


f direct engineering interest, and tt has been stated that such a service would 
greatly appreciated by the industry It should he recoqnized that in order for 


be required 


JourNAL to do this, cooperation on the part of industry will 


even be necessary to tear apart the “veil of fancied secrecy 


° . 2 f ] j j } 
one expects information trom tf low he must give out someth 


turn, and certain other industries have discovered that such cooperation p 

all concerned. It is believed that the textile industry will not be too hesitant in 
making the effort required to prepare and release authoritative reports on 
plied research 

To this end, the Editor will greatly appreciate helpful suggestions from readers 
of the JOURNAL, and particularly from those to whom the type of material in this new 
section should be of greatest practical value. If they will make known to him thei 

; 


: oN : f+ 
special interests, he will be gla » call and to explore with them the possibilities 


for appropriate articles 
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Crease-Resistance and Cotton’ 


George S. Buck, Jr.,7 and Frank A. McCord? 


Introduction 





estimates are used with 


the assumptions 


proper 





rABLE I 


Use 


\fen's, Youths’ and Boys’ 
Coats and jackets 
Overcoats 
Pajamas and nightshirts 
Rainwear 
Shirts —Dress 

Sport 
Suit Dress 

Ski 

Slack 


lrousers 


Dress and sport 


ESTIMATED ANNUAL 


I pare! 


Long pants and knickers 


Short pants 
Work 
Washable service apparel 


Potal 


Women's 

\prons 

l niforms 

Bathrobes 

Blouses, waists, and shirt 
jackets 
Dozen price 
Unit price 


Coats and 
Dresses 


Pajamas, nightgowns, an 
Rainwear 
Sportswear 


bedjackets 


Jathing suits 


Halters, sunsuits, 


Slacks and slack su 


Suits 
Skirts 
Slips and pet 


Potal 


Children’ 
Coats 
Coat and | 
Dresses 


Nightwear 


Plavsuits 


Suits and skirts —Ski and snow 


Suits (except ski, slack 
Skirts 
Slack 


Was} 


Household 
Bedspread 
Draper. 
Pillow case 
Sheets 


| iblecloths ind napkins 


Total 


GRAND TOTAL 


lot 


ind Ww ish 


nates based on 1947 pr 


ul Consumption 


POTENTIAI 


MARKET 


Estimated con 
sumption ol 
otton fabrics 
uses In W 

resist 
is desirab 

1,000 sq 


) 
£0, 


362 
000 
5,000 
634 


103 


096 


} 
ipparel 


h are 


FOR CREASE-RESISTANT 


important 


TEXTILI 


Estimated consump 
tion of fabrics 
other than cotton 
uses in whic 

resistance 
is desirable 
1,000 sq. vds 


700 
529 
023 
$10 
74) 


1S 


2,790 
5.118 
100 
3.6000 
15,000 


194.908 
1,623,365 


household items 


market © 


RESEARCH JOURNAT 


WoveN Faprics * 


Estimated total 
consumption ot 
ill materials in 
ises in which 
cre resistance 
is desirablet 
1,000 sq. yds 


106,368 
54,901 
104,478 
8,307 
308,628 
142,083 
126,974 
> 569 
11,23 
] 


) 


1 
} 


1 
IS 8 
S048 
91 890 


91S 


106 


Q1? 
39) 


180) 


897 
180) 
400 
$600 
,034 


1,380,011 


1.055.461 
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important where appearance is a major considera 
fabric is sub 


Table | 


contains estimates of the annual potential market for 


tion; and, of course, where in use the 
jected to creasing, wrinkling, or mussing 
crease-resistant woven fabrics. The first column in 
fabrics in uses where 

The 


indicates the consumption of competing fabrics, such 


dicates the volume of cotton 


crease-resistance is desirable second column 
as wool and rayon, in uses 1n which crease-resistance 1s 
The third column indicates the total mar 


ket for the uses listed 


desirable 


Cotton fabrics offer the 


largest potential market 
for crease-resistant finishes \lthough the quantity 
of competing materials consumed in uses in which 
crease-resistance 1s desirable 1s equal to almost two 
thirds the quantity of cotton fabrics, the potential 
market for crease-resistant finishes on competing ma 
terials is relatively small because wool, with natura 
crease-resistant qualities, accounts for 


total 


a large per 
centage of the consumption of fabrics other 


than cotton 


The demand for crease Ih 


resistance 1s not equall\ 
strong in all of the uses listed, but is dependent on 
the service and appearance requirements and on the 
availability and cost of suitable competing materials 
which have crease-resisting properties For ex 
ample, only a very small volume of other textiles cat 
compete with cotton in children’s and infants’ might 
wear. There is less need for crease-resistant finishes 


on textiles for children’s nightwear than for many 


other uses Phe 23,000,000-square-yard potential 


for crease-resistant finishes on fabrics for children’s 
and intants’ nightwear, therefore, is a rather weak 
potential in comparison with the 27,000,000-square 
vard market potential in men’s coats and jackets, 
where competition is with wool and where a wrinkle 


free appearance ts a major quality consideration 


Influence of Price and Ouality 


The extent to which adequate crease-resistant fin 


ishes will be used will depend on consumer demand 


for, or acceptance of, crease-resistant finishes. The 


principal factors influencing this demand, in addition 
to sales activities, are price and quality, which are ai 
fected in turn by such factors as supply and competi 
tion with other fibers 


The assumptions were made, as pointed out in the 


discussion in section 1, that the quality of crease-re 
sistant cottons would be as adequate as the best avail 


able for a particular use and that the crease-resistant 


219 


finish would not 


significantly impair other cotton 


properties necessary or desirable for that use. If a 
atfect other 


properties, the potential market would be reduced in 


crease-resistant finish should materially 


proportion to the extent that desirable properties are 
sacrificed. Lack of permanency under normal cor 
ditions of use would likewise reduce the market po 


Where 


strong demand for crease-resistance, a crease 


tential for crease-resistant fabrics there 1s ; 


Very 
resistant finish may be acceptable even though other 


qualities are affected. Where the demand for crease 


resistance 1s weak, difficulties wii be encountered i 


marketing a crease-resistant finish which results n 


even minor sacrifices of the that are ex 


properties 
pected in cottons 


The cost of a crease-resistant finish will directly 
influence the size of the market, with the market po 


tential declining rapidly as cost increases. The curve 


Fable I] 


way to determine the it 


in Figure 1 was prepared from the data in 
Although the only accurate 
fluence of the cost of crease-resistance on the total po 
tential market is by experience, an analysis of the 1 
fluence of increased cost on cotton’s competitive posi 
tion in each market provides a fairly good indicatiot 


of what may be expected in practice. Such an evalua 


tion shows the weaker markets to be disappearing e1 





tirely as the cost of the crease finish ap 


resistant | 


proaches 5¢ per square yard, while the strongest 


markets are scarcely affected by price increases uj 


t 
\ higl 
age of the potential market for creas 


to 10¢ per square vard (Table I1) percent 
resistant fin 
ishes on cotton fabrics is in uses where fiber competi 


tion is with wool, and where the competition is on the 


basis of quality more than on price 


le Increases in the 


Satistactory crease-resistal lishe lor cotton 
fabrics will provide the opportunity to expand cot 


sumption of cotton in uses where crease-resistance is 


a primary consideration a total 


annual consumption of 4,055,000,000 square yards ot 


‘These uses involve 


fabrics, of which 1,623,365,000 are composed of fibers 


other than cotton. Crease-resistant cottons might 


make inroads in wool’s market in summer suitings, for 
example, and might even take over some of the mat 

Many of 
could be expanded in uses where the principal con 


Figure 2 illustrates the 


ket for wintet 


suitings cotton’s markets 


petitor 1s rayon potential 


market increase for cottons which have been givet 
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OOO s« ad 1,000 


6,008 0 OOS 


Overcoat 1,4 


Pajamas and nightshirt ! 50.000 
I 


i 
Lain we 6.897 
Shirt Se 00,000 


OS O00 


+4 


S00 
(mM) 
10.000 


OOO 
500 
O00 
S00 
969 
75.000 


SU SUS 


x01 
+000 


S000 


OOO 


SOM) 
S00 


OOO 


OOO 
(mn) 
OOO OOO 
OOO OOO 


OO) 


OO) 


0 


18,000 
1,372 
s (00) 
6.S9, 


st) 


Oa OO) 


S00 


10.000 


s.000 


> UM) 
st) 

x) 
10.000 
969 


5,000 


O00 


OOo 


OOO 


v4 


OOo 


O00 
S00) 
O00 


OOO 
(0) 
OOO 


S00) 


OOO 


(nn) 
S00 
son) 
500 

969 

OOO 

OOO 
300 
501 

O00 
stn) 


OOO 
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rABLE III 


Use 


Men's, Youths’, and Boys’ Apparel 
Coats and jackets 

Overcoats 

Pajamas and nightshirts 

Rainwear 

Shirts—-Dress 

Sport 

Dress 

Ski 

Slack 

Dress and sport 

Long pants and knickers 
Short pants 


Work 


Suits 


lrousers 


Potal 


Women’ 
\prons 
Uniforms 
Bathrobes 
Blouses, 
Coats and jackets 
Dozen price 
Unit price 
nightgowns 


and shirts 


Walsts, 
Dresses 
Pajamas, ind bed 
Rainwear 

Bathing suits 
Halters, 


Slacks and slack suit 
Ski suits 


Sportswear 
SuUNSsUIts 


Suits 
Skirts 
Slips ind petticoats 


Potal 


hildren ind Infant l ppurel 


( 
Coats 
( sets 
I 


oat and | 


geing 
Jresses 

Nightwear 

Playsuits 

Suits and skirts Ski 
Suits 
Skirts 
Slack 


Wash 


ind snow 


except ski, slack, and wash 


Hlouseh 
Bedspre 


Drapery 


ind bedspread fabrics 


upholster ind tapestry tabric 
Pill 

Hlow Cases 

Sheets 


Tablecloths and napkins 
Potal 


GRAND TOTAL 


* Estimates are based on 


petitive position b Son import 


demands, and prices 


application of crease-resistant finishes without placing cotton at a 
estimates are not intended to show the possible 


h i he 


Variable 


preterence 


costs shown factors 


consumer 


suc 


ESTIMATED POTENTIAL 
at Four AssuMED Cost 


of creast 


ince 


effect of crease 


INCREASI 


IN MARKE1 


LEVELS FOR APPLYING 


Increas 


No increast 
1,000 sq vds 
79,700 
53,529 
$023 
1,410 
13,742 
69,748 
120,630 
) 508 
500 
? 032 
967 
47 


340 


996 


? O47 


2? 700 
3,118 

100 
5.600 
000 


194,818 


1.623.329 


opinions formed over an &-y¢ 


gains which 


1,000 sq 


Rs 


ir pe riod « 


resistant finishes for eac 


Phe estimates indicate the extent to which the per 


cotton wo 


price 
ild make 
resistant finishes on other desirabl 
ire important determinants in gains which cotton could make 
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FOR CREASE-RESISTANT Cot 
4 CREASE-RESISTANT FINISH 


of crease-resistant tinish ts 


1 
3 o¢ 


vds 1,000 sq 


.700 
529 
500 
410 
000 
000 
630 
508 
,500 
000 
967 
747 


340 


500 
5 529 
200 
410 
500 
000 
630 
2,508 
500 
000 
500 
S00 


95] 


300 
500 
3,362 
000 
000 
25,000 
210,000 
46,000 
7,296 
001 
645 
637 
603 
590 
521 


O00 
$00 
500 
O00 
000 
2,500 
25,000 
5,000 
000 
OOO 
500 
500 
603 
000 
000 
S500 


875 


S03 


OOO 
500 
000 


000 
OOO 
,250 
500 


2 500 
O00 
250 

2,000 1 

10,000 


200 
500 
7,000 


99 750 


8,700 


186,709 738.040 


f continuing studies and eval 
h use in relation to conipe 


vds 
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tON FABRICS, 
7 


in potential market for woven cotton fabrics if per-square-vard cost 


10¢ 
1,000 sq 


vds 


$5,000 
53,529 
100 
1,250 
3,000 
20,000 
108,630 
2,568 
500 
65,000 
5,000 
5.000 
250 


309.827 


200 
250 
1,000 
5,000 
30,000 


5,000 


2 500 


2,500 
603 
30,000 
15,000 


&,500 
1,750 
+,000 


2,500 
500 
750 


50 


5,000 
5,000 
$95,130 


f cotton’s com- 


ations 


ting materials, consumer 


vard cost of cotton fabrics « ould be increased through 


disadvantage relative 


to ce 


i crease-res 


tant 


fini 


mpeting materials. The 


shes were applied at the 


ialities of cotton, and established 
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The more closely the finish approaches the working 
hypothesis, the larger will be the proportion of the 
potential market for which it can qualify 

In spite of the cautions concerning the assumptions 
on which these estimates are predicated, the fact must 
be emphasized that demand for crease-resistant cot 
tons is strong and that the market is large. Continu 
ing studies of consumer desires by end-use textile 
products show that consumers feel that a crease 
resistant finish for cotton is one of the most desir 


able quality improvements for cotton fabrics. 


Part Il—Technical Aspects 


7 


1. Definitions 


Crease-resistance may be thought of as that prop 
erty of a fabric which causes it to recover from fold 
ing deformations that normally occur during its use. 
The recovery may be almost instantaneous, in which 
case there will be an apparent resistance to the forma 
tion of a crease. Recovery may be slower in other 
cases, with the crease mark disappearing gradually. 
The speed and completeness of a fabric’s recovery 
from creases is the measure of its crease-resistance 

Essentially, there is no difference between a crease 
and a wrinkle, except that a crease is generally thought 
remains in the fabric as 
Wrinkles are 


fabric deformations which may or may not be severe 


of as a mark or line that 


the after-etfect of a severe folding. 


enough to produce creases, although a fabric which 
shows numerous creases is frequently referred to as 
While 


“wrinkle-resistance” are 


being wrinkled “muss-resistance’” and 


terms occasionally used, 


“crease-resistance” is the term most generally ac 
cepted. The conditions that give rise to creasing 
aiter-effects are the subject of studies on crease 


resistance 


FABLE IV. 


at Four AssumMED Cost LEVELS FOR 


ASSUMED COST OF CREASE-RESISTANT FINISH 
MILLION NO COST 


sa. yos NCREASE \3¢ 


2 


Fic. 3. Estimated maxtmum market for crease-resist 


ant cotton fabrics, at four assumed cost els for appl 


ing a finish (derived from data cor 


tained in 


crease-resistant 


Table Il) 


* Increase in cost of cotton fabric res 


plication of crease-resistant finisl 


The 


measure of a 


term “resillence”’ also has been used as a 


material’s ability to 


This 


“crease-resistance,”’ 


recovel Irom 


deformation term is much broader that 


as it applies to any elastic ma 
terial such as a metal, quartz, or rubber, as well as to 


textiles. “Resiliency” has been suggested as the 


term to apply to a specific property of a substance, so 


that “resilience” would then refer to the total prop 


erty and would depend not only on the material but 


also on its size and shape. “Resilience” and “re 


siliency” are.convenient terms for the scientist, since 


they convey to him the idea of elastic recovery of 


energy in a system under strain, but “‘crease-resist 
ance” is a more specific term for textiles, and is used 
how 


here for that reason. It should be remembered 


ESTIMATED MAXIMUM MARKET FOR CREASE-RESISTANT FINISHES ON WOVEN Corron FaAaBRics 
\PPLYING A CREASI 


RESISTANT FINtsu * 


Potential market if cost of crease-resistant finish per square yard is 


No increase 
1,000 sq. vds 


Men’s, youths’, and boys’ apparel 1,223,460 
Women’s, misses’, and juniors’ apparel 288,485 


Children’s and infants’ apparel 163,559 


Potal apparel 675,504 
Total household 1,379,921 


lotal apparel and household 4,055,425 


* Includes actual consumption of cotton fabrics in uses where crease-resistance is important 
increase in consumption of cotton fabrics as a result of application of crease-resistant finishes to cotton 


14¢ Se 10¢ 
1,000 sq. vds 1,000 sq. vds 1,000 sq 
884,475 
860,182 
99,915 


562,568 
$43,405 


39,750 


1,844,5 1,045,723 


309, 35,863 


705,366 
5,000 


2,214,322 1,081,586 710,366 
lable I] and potential 


lable III 
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more, explanations certain as 
behavior must still be 
Vheretore, this revi 


accepted principles 


mation tl 


literature 


The crease-resistance 
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The extension of the fiber caused by stress results 
in a movement of the molecules within the fiber, the 
type of movement depending upon the structure of 
the molecules and their arrangement in the tiber 
In the case of silk, the molecules are thought to form 
obtuse-angled helices which permit extension by sim 
ple rotation about the bonds joining adjacent atoms in 
It has been suggested that the structure of 


that the 


the chain 


wool is similar, but wool molecules form 


acute-angled helices (probably cemented together by 
amorphous regions), thus permitting a greater ex 


tensibility than in the case of silk. Later evidence in 


licates that the keratin or wool molecule exists in 


two forms, an alpha, or partly folded form, and a 


eta, or extended form. (See Figure 7.) Either 


hypothesis would explain the large extensibility of 


wool fibers. The cellulose molecule, unlike that ot 


wool or silk, has an extended chain-like 


structure, 
with little extensibility of its primary valence bonds 


being possible It is therefore apparent that exten 


sion of cellulose fibers can be achieved only by a re 


alignment of the molecules to a position of better 


orientation with the tiber axis, or by a slipping of the 


molecular chains over each other. [extension by re 


orientation of the molecules is much the easier of the 


two mechanisms. This is ilustrated by the | 


: 
igh 
extensibility of normal rayons, which have little ort 


entation and relatively low crystallinity, and the 


much lower extensibility of highly ervstalline, well 
oriented tibers, such as ramie, cotton, and some of 
the specially stretched rayons 


he 


move elastically depends in part on the closeness ot 


freedom of the chain-like tiber molecules to 


packing of the molecules in the fiber. The keratin 


molecules in wool are prevented from close packing 
by the presence of bulky side groups. Silk has less 


of the bulky side groups, and cellulose none at all 
Phe cellulose molecules therefore form = crystallites 
easily, and the relatively strong forces thus developed 


between molecules restrict their freedom of movement. 


he short-range elasticity of cellulose acetate might 


me < ited 


as an example of umproved mobility obtained 
by the insertion of bulky acetyl groups which restrict 
molecular packing. 


If a tabric possesses the phability normally ex 


pected of textiles, it can be folded so that a crease 
will result, whereupon the molecular movements de 
scribed above will take place in the strained fibers 
The ability of the fabric to recover from the crease, 
mice the creasing 


force has been removed, depends 
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upon the ability of the fiber to recover from its posi 
tion of strain. Since a molecular untolding, a molecu 
lar realignment, or a slippage of molecules has re 


sulted in fiber strain, the nature of the attractive 
forces between the molecules will strongly influence 
the elastic recovery of the fiber. The intermolecular 


forces may be strong valence forces which result 
from actual cross-linking bridges between the mole 


resulting 


s 


cules, or they may be weaker attractions 
from hydrogen bonding and van der Waals forces 
The high degree of recoverability exhibited by the 
wool fiber when released from stress stems largely 
from the presence of cross-linking bridges betwee1 
keratin molecules. Such cross-linkages are normally 


lac king in cellulose, so that once the other weaket 
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intermolecular forces have been overcome, the ex 


tensibility 


of cellulosic fibers will be of the nonre 


coverable type. Those groups in the cellulose chain 
which have been under strain shift and form new at 
tractive forces to adjacent groups in the strained posi 
tion, relaxing the stress to the primary valence bonds 
of the chain. Therefore, when the stress on the en 
tire system is released, the adjacent molecules do 
not return to their former positions, and the fiber 
does not recover from, its extension. 

It has been possible to improve the elastic recovery 
of cellulosic fibers by creating chemical cross-link 
ages between cellulose molecules. By treatment of 
cellulose with formaldehyde under the proper condi 
tions, methylene bridges can be formed which. tie 
together adjacent molecules, with the result that the 
physical properties of cellulose fibers treated in this 
manner are considerably modified. Extensibility is 
Cotton 
treated in the 


oper manner with formaldehyde will have crease 
| 


reduced, but elastic recovery is increased 


and rayon fabrics which have been 


resisting properties substantially better than those 
of the untreated fabric 

Moisture has an important influence on the elasti 
most textile fibers 


properties of The extensibility 


of every textile fiber that absorbs water is increased 
as larger amounts of water are taken up by the fiber. 
The water, by swelling and opening up the fiber struc 
ture, appears to act as a lubricant, thus permitting 
Probably 


the water molecules become associated with the fiber 


better movement of the fiber’s molecules 


molecules so that intermolecular forces are neutral 
ized. It is not likely that the water hydrolyzes or 
breaks the type of intermolecular cross-linkage that is 
found in wool 

Since fibers become more plastic as water 1s ab- 
sorbed, or as the humidity of the. ambient atmosphere 
increases, both creasing and crease recovery are mark- 
edly affected by humidity. Fibers that are strained 
while partially plasticized by water and then dried 
in the strained position will tend to remain in that 
position. In drying in the deformed position, inter 
molecular attractions between the molecules have been 
developed, and these forces hold the molecules to 
gether in the new position. If the fiber is re-wet, 


these newly formed. attractive forces are again 


broken and cross-linking bridges will then act to re- 
Con 
versely, this restorative force will be absent in those 


store the molecules to their original position 


fibers which do not have cross-linked molecules, and 


the re-wet fibers will recover their original dimen 

sions only after a long period of time, if at all 
The stress-strain properties of fibers are also in 

fluenced by time. Fiber molecules are thought to be 


in constant 


motion, a sort of restricted Brownian 


movement. When a tensile stress is applied to one 
intermolecular 
New at 


under 


end of the long molecules, the net 
movement is in the direction of the stress 
tractive forces between the molecule stress 
and other molecules tend to form in the direction of 
the stress, and attractions in the opposite direction 
are gradually relaxed. The gain in attractive forces 
in the stress direction produces strain in the fiber 
The time-dependent extension of fibers has been de 
scribed by the term “creep” or “primary creep,” as 
differentiated from the immediate elastic deflection, 
which is proportional to stress 

The permanence of creases in fabrics is related to 


\ small 
force applied for a long time will produce quite a dur 


the time that the creasing force is applied 


able crease. Seasoned travelers remove suits fron 


suitcases 


as soon as possible and place them on 


hangers, recognizing that severe wrinkles and creases 


result from prolonged folding of the garments 


The permanence of creases depends also on_ the 
When the force is 


“immediate elastic 


force or pressure of creasing 


great enough to exceed the limit” 
of the fiber, creep takes place and the creep that 1s 
not recovered under the same conditions of tempera 
] 


ture and humidity is 


Whether the 


able, retraction is usually delaved, the degree of per 


termes “Secondary creep.” 


extension is recoverable or nonrecovet 


mance of the resulting creases being determined by 
the degree of nonrecoverability 

The wool fiber has properties almost ideally suited 
for providing fabrics with resistance to creasing and 
wrinkles, and at the same time for making it possible 


The 


wool fiber has an intermediate modulus of elasticity 


for the fabric to hold a crease where desired 


an area of delayed recovery, and a complete re 


coverability when wet 


Most creases and folds of 
reasonably short duration in wool fabrics will show 
immediate recovery. In other cases, where the creas 
ing time is long, or where the creasing pressure is 
high enough to exceed the immediate elastic limit of 
the fiber, the fabric will recover more slowly from 
the deformation. The ability of woolen and worsted 
fabrics to hold a crease results from “‘stretchiness”’ 
(long-range elasticity ) and the property of the fiber 


which permits it to assume a “temporary set” in which 
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Knit 


resisting proy erties 


constructions are notable for their crease 
The knit constructions are gen- 
erally much looser than woven constructions, with 
less fiber strain and greater freedom of movement for 
the yarns. Warp knit fabrics, such as those of the 
tricot type, are significantly superior to woven fabrics 
of equivalent weight. One reason is that, for a given 
weight, knit fabrics are usually thicker than woven 
fabrics. Another reason is that the more complicated 
configuration of the yarn in knit fabrics probably 
means that in a crease a smaller proportion of the 

Other 
1 


varns which are unstrained or strained in a different 


varns are subject to the same type of strain 


manner, or to a different degree, have a better op 


portunity to bring about recovery to the fabric 


Che relatively high tensile elasticity of knit fabrics 





would itself suggest that the crease-resisting proper 
ties of knit FOr xls should be better than those of woven 
fabrics. It is suggested that a thorough study of 
creasing in knit fabrics might provide helpful infor 
mation for construction modification that would im 
prove the crease-resisting characteristics of woven 
textiles. 

Optical effects deserve consideration in any study 
of the creasing or wrinkling of fabrics. The visibility 
of wrinkles is, after all, largely due to differences in 
the character of the light reflected from the sections 


adjoining the wrinkle, and ‘therefore. the 


of fabric 


luster characteristics of the involved 


than fab 


textile are 


Bright satins show wrinkles more readily 


rics with a matt surface, since the amount of light 


reflected from satin reveals large differences with 


changes in the angle that the fabric makes with the 


eve. The crease-resistance of velvets, plushes, and 


similar constructions may be partly an apparent ef 


fect, which is the result of the softer creasing angle 


caused by the ratsed fibers on the surface of the 


fabri 


Literature Sources: 6, 9*, 20, 21. 22 


77 100*, 110*, 111*, 120, 150° 


60, 77, 95 150* 


Resistant Finishes 


A. Crease 


In 1906 Eschalier discovered that the wet strength 


and dimensional stability of viscose ravon could be 


improved by treatment with formaldehyde in’ the 


presence of an acid catalyst. Although Eschalier was 
not at that time seeking to improve the crease-re 
sistance ol 


ravons, the acid-formaldehvde treatment 


was Observed to result in significant reduction 1 
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Most 
agree that the reaction results in the 


the elastic hysteresis of rayon technologists 
formation of 
methylene bridges cross-linking contiguous cellu 
lose molecules. The reaction is quite specific, with 
a relatively small amount of formaldehyde causing 
significant improvement in the elastic recovery of a 
cellulosic fiber. 

leschalier’s stemmed 


Karly interest 1 treatment 


from the reduced swelling tendency of rayons thus 


treated and the consequent improvement in wet 


strength and dimensional stability. Treatment of 
fabrics with formaldehyde alone, however, has al 
wavs been difficult to control on a commercial scale, 
as in many cases tendering or embrittlement of the 
fabric results. No significant progress was made in 


the direction of improved crease- and crush-resistance 


of cottons and rayons until the application of urea 


formaldehyde precondensates by the Tootal-Broad 


hurst-Iee Company some 20 years latet 


\pparently 


all of the commercially successiul creaseproofing 


treatments available today are an outgrowth of the 
T-B-L. 
urea-formaldehyde or melamine 


basis of the 


early work, the majority employing either 


as the 
these 


formalde hvde 


process Phe principle of all of 


processes involves treatment of the cellulose with the 


resin monomer or precondensate so that the molecule 


size is kept to a minimum, permitting the 


unpoly 
merized resi 
Wher 
by heat and with the aid of catalysts, the hard thermo 


located 


to penetrate or be absorbed by the 


fiber the resin is subsequently polymerized 


setting material will actually be within the 


fiber 
\ perusal of the technical literature on the subject 


of creaseproofing reveals that at least a halt of all the 


papers published deal with the application of resins 


to textiles, and the majority of these papers stress 


the need for careful control each stage of the 


operation. Apparently the success of the finishing op 
preparing the fabri 
) 


eration is dependent on: (1) 
properly for the finishing operation, (2) preparing 


the resin precondensate properly, (3) applying the 


: e. : 
resin so that uniform impregnation will be achieved, 
fabric curing at the 


(4) drying the properly, (3) 


right temperature for the optimum time, and (6) 


washing to remove uncondensed resin, catalyst, etc 
There are, of course, numerous additional suggestions 


relating to the selection of the best resin, the choice 


of catalyst, the adjustment of pH, and othe 


deal 


he emploved 


hints 


and cautions. Some articles extensively with 


the tvpe of equipment te The refet 
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ences at the end of this section should prove helpful 


to those who wish to make a thorough study of the 


application of creaseproofing formaldehyde resins to 
textiles. 


\lIthough the successiul crease-resistant finishes 


now being marketed are based on either urea-form 


aldehyde or melamine-formaldehyde’ resins, each 


null or each finishing plant probably has its ow1 


Variations 1n the manner ot the fabric 


processing 
No attempt is made here to disclose the processing re 
finements that are responsible for the “individuality” 


of finishes produced by different firms. It is recog 


nized that there is considerable “know-how” involved 


in producing crease-resistant fabrics of maximum 


quality, and that proficiency in this type of finishing 


will be attained only by experience. Manufacturers 


of the formaldehyde resins can be of considerable as 


sistance to mills in developing processing techniques 


(]) hric Preparation Since yarn and fabric 


construction have a pronounced influence on the 


crease fabrics, it is obvious 


that 


resisting 


properties at 


the degree of crease-resistance obtained trom 


creaseproofing finishes will depend in part on the 


construction of the fabric being finished. It is ire 


quently necessary to make certain modifications 07 
adaptations in the finishing process so that the condi 


tions for achieving optimum results with each dit 


ferent fabric are provided. In general, however, the 


fabric should be clean, dry, free from sizing, and as 


1M yssible 


Iree irom | 


strain as Some technologists 


recommended that the fabric be treated with caustic 


before resin 


unpregnation; the caustic swells the 


fibers, further relaxing them and making them more 


It will be 


absorbent to the resins found difficult to 


process tightly picked fabrics successfully because 


swelling is restricted in such close constructions 

Yarn twist will be found to have an influence o1 
the absorption of the resins. Too high a twist in the 
warp or filling may result in differential absorption 
of the resins, with the result that improvement in 
crease-resistance will be predominantly in one direc 
tion. Generally the excessive twist is encountered in 
the warp yarns of the fabric. 


> 


(2) Restn Preparation. Most of the cautions on 


the preparation of the resin monomer are concerned 
with the proper adjustment of pH, the selection ot 
the best catalyst, the use of stabilizers to prevent 
premature polymerization, and the adjustment ot 
temperature \t the present chemical 


time some 


manufacturers are supplying stabilized preconden 


sates which eliminate much of the uncertainty of 
resin preparation 
os 


(3) Resin Application. The majority of methods 
call for application on a two- or three-bowl mangle, 
with sufficient time between dip and nip to permit ab 
sorption of the solution by the fabric. [Experimental 
evidence indicates that the amount of resin solids in 
the solution should be high enough so that a fairly 
high pressure resulting in 50 to 75 percent wet pickup 
will give the desired amount of resin solids in the 
goods. The actual percentage of dry resin required 
in the fabric will depend upon the type of resin used 
the type of fabric, and the preferred “hand” of the 
finished fabric. Generally, the dry pickup will range 
between 4 and 15 percent 

Fabri 
drying caution against the use of too high a tempera 


220° to 230°F 


(4) Drying the Recommendations tot 


ture, being suggested Cautions 


against overdrying are also noted, but perhaps. the 


most important Observation is that the fabric should 


} 


continue to be free from. strains British practice 


calls for \mericat 


an overteed pin tenter, and some 
firms are now utilizing this type ef equipment. It 
must be remembered that the whole process is de 
signed to produce a tabric in which folding strain wall 
not exceed the elastic limit. Leven though the elastic 
limit is improved by the resin application, the et 
fectiveness of the finish can be lost if the resin 1s 
cured in the fabric when the fibers are in a strained 
position: 

(5) Resin Curing. Opinion on the temperature ot 
curing seems to be that a minimum of 280°F should 
be employed, with 300° F 


to 400° h 


, and even temperatures up 
being suggested for short-time applicatiot 
The durability of the finish to laundering depends a 
great deal on the etfectiveness of the cure, as well 


as on the degree of fiber penetration by the resin 


precondensate. Curing time must, of course, be ad 
justed to the requirement of each fabric 

(0) Washing. Unless the uncondensed resin, cat 
alyst, excess formaldehyde, and other materials are 
removed from the fabric by adequate washing, there 
will be a tendency for the finished goods to develop 
odor, and dermatitis Some 


sometimes to cause 


manufacturers employ two soapings followed by two 


or three clear rinses, and while others may employ 


different techniques in the wash which follows the 
cure, most insist that the wash is an important and 
necessary step in producing quality goods. At least 


one manufacturer uses an after-causticizing to further 
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remove any re lt The chlorine, in the case ol 

fibers cause yellowing, while tendering the more common 
difference of opinion o effect of the urea resins will make the 
permits conde 


17 


wnaldehvde resins act to cloth stiff or brittle if the 


le of the fi ra han confines 


the mat 
sation on the outside 


nnproves sional ! 
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‘Ol | at Nit ith 


produce 
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recovery, or as adjuncts to the formaldehyde resins. 
The natural and synthetic rubbers are especially in 
teresting, and numerous attempts have been made to 
introduce rubber into textile fibers. The difficulty up 
to this time has been in the size of the rubber mole 
cule, the bulk of which is apparently too great to 


While 


fibers 


permit its absorption into the cellulose tibers. 
it is not certain that rubber would give textile 
the desired properties even if it were possible to get it 
into the fibers, new techniques for handling rubber 
sols and solutions probably will encourage further 
investigations of the possibility of utilizing rubber’s 
With the alkyds and acrylates, 
as well as with other thermoplastic 


results have been obtained, but so far 


elastic properties. 
resilis, interesting 
as is known 
none of these materials has produced results superior 
to those obtained with the urea- and melamine-form 
aldehyde resins. Up to this time at least, no com 
mercial applications have been made of these thermo 
plastic resins for producing crease-resistance 


The crease-resistant finishes now available, based 


either on urea-formaldelhvde or melamine-formalde 


hyde resins, are serving the consumer well by mak 


Fic 11 
been treated crease 
t opment vil the 


of the 


untreat 
garment. (Photograph courtes 


Vana I Company.) 
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ing available cottons with significantly improved prop 


erties of wrinkle-resistance The improvement in 


cotton fabrics, when they are properly finished, is 
remarkable (Figure 11). There seems little doubt 
that the volume of goods finished with the formalde 
hyde-type crease-resistants will increase substantially 
as the public becomes more fanuliar with the advan 
tages of crease-resistant cottons. Nevertheless, even 
the strongest promoters of the finishes now being pro 
duced commercially will concede the need for further 
improvements, as well as the opportunity for develop 
ment of new [ resistant 


types ot crease treatments 


Finishes should be more durable and should with 


stand laundering for the life of the fabric. It would 


be desirable to have a finish that would not retan 
chlorine upon bleaching, and that would not decrease 
None of the 


available crease-resistant finishes have gone quite as 


fabric strength or abrasion-resistance 


far in improving the resilience of cotton as it is hoped 
It is most desirable 
that will 


they will with additional research 


that cotton fabrics be produced resist 


wrinkling as well as woolen and worsted fabrics do 


Summer suits of cotton should look as neat, as well 


pressed, and as free from wrinkles as winter suits of 


wool. The research on the resilience and 


goal ot 
crease-resisting | roperties of cotton should he to pro 
duce fabrics that are the equal of silk and wool in these 


properties, with as little sacrifice as possible of the 


many other desirable qualities offered by cotton 


* 7, 10; 11%, 12" 


} 3/, 40*, 45, 50, 52%, 53*, 54 

SO*, 81, 84*, 91*, 92*, 93*, 94, 96, 100 
107, 112, 113, 114, 115, 116, 117*, 118% 
125, 126*, 127, 130, 131*, 146, 149 


157*, 158, 159, 162 


st Methods 


During the past 20 vears at least a dozen methods 


ior the evaluation of fabric crease-resistance have 


heen suggested, both in this 


these 


country and abroad 


Some of methods have been used rather ex 


tensively, although eacl leaves something to be cle 


sired, either in ease of operation or in the amount 


of information which they provide on the creasing 


characteristics of the fabric 


If the crease-resisting characteristics of fabrics 


are to be improved, comparative tests must be avail 


able so that the relative crease-resistance of a treated 


fabric to an untreated one can be determined It is 
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also desirable to know the relative crease-resistance 


of different fabrics so that the influence of construc 


tion and fiber content may be better understood 


Methods for measuring crease-resistance which give 
some clue to the resilient characteristics of the fabric, 
work recovered on unfolding, and specific informa 
tion on different time and pressure etfects represent a 
further step in the evaluation of textile creasing prop 
The test 


a method that could duplicate the 


erties ultimate development im methods 


would be 


~ 


creasing 


which occurs during actual garment use, and whicl 


would provide data which could be correlated di 


rectly with the performance of a tabric in a garment 


ime, there is no instrument that approachies 


though methods now in use do reproduce 


least some of the conditions of normal garment use 


For most purposes, such as the development of 


nnproved crease-resistant finishes, or for demonstra 


tions in the merchandising of fabrics, a simple test 


accurate Com 


ing device that provides reasonably 


parative results is preferred by technologists. Sev 


} 


eral such devices reveal the relative “ease-resistance 


# treated and untreated fabrics, or of ditferent tab 


rics. A brief description of a number of testing met! 


ods that have been used for evi ating textile crease 


resistance will be set down here, together witl 


ences to other work on the subject 


the 
When the 
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qualitative and not suited to the type of control nec 
essary for determining smaller differences between 
textiles. Nevertheless, the method will undoubtedly 
continue in use as a supplement to other techniques 

The 


fabric that is examined visually 


clenched-fist’ method produces a — wrinkled 
The principal ob 
jection to wrinkles is the change which they cause in 
the appearance of fabric. This change in appearance 
is most noticeable and most objectionable when the 
The 
surfaces on each side of the crease reflect light to the 


eve from ditferent angles, the 


angle of creasing or folding is sharp fabri 
difference im the in 
tensity of the light from each surface depending in 
part on the luster characteristics of the surface, as 
well as upon its color. The line formed by the crease 
sharply divides the two adjacent surfaces ot differ 
ent light-reflecting properties, and thus the presence 
of the crease 1s made evident in a manner displeasing 
to the eve, ESPEC ially when numerous creases form If 
regular patterns in the fabric. On the other hand, 1 
two adjacent fabric surfaces which reflect light dit 
ierently are separated by a section in which the light 
reflecting characteristics of the one shade gradually 


into those of the other, a soft and not displeasing et 


fect will result 


has been recognized in 


Phe importance of the creasing angle 


a number of the tests whicl 


used to evaluate crease-resistance 


Phe T-B-L. Method. Vhe TYootal-Broadhurst-lee 


Company, pioneers in the development of crease-re 


sistance for cellulosic fabrics, utilzed for many years 


a rather simple technique for measuring the improve 


ment in resistance to creasing brought about throug! 


the application of the T-B-L finish (Figure 12) \ 


fabric cutting 4+ cm. long and 1 em. wide is folded 


across its narrow dimension and placed beneath a 


is then allowed to 


S00- 
: e 


weight for 5 minutes. It 


] a horizontal 


recover for 3 minutes while hung 


over 


wire or pin at the crease Phe distance between the 


ends of the partly recovered is taken as a 


specimen 
measure of the resistance of the 


In the 


specine Nl 


more fabrics this distance will be 


SURFACE OF MERCURY 
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greater than in those which recover Jess from. the 
folding. 
Disadvantages cited for the T-B-]. method in 


clude the following 


1. Differences between materials of poor crease 
resistance (forming. small angles) are easier to de 
tect than differences between more resilient fabrics 


since the measurement of crease-resistance in this 


case is proportional to the sine of the creasing angle 


For large angles, differences in this value become in 
creasingly small 


2. The curvature of the fabric on either side of 


the pin, affected by the weight and stiffness of the 
material, constitutes an additional error. 

$ . 

3. Curl or twist common in many fabrics causes 
difficulty in obtaining an exact measurement of the 
distance between the ends of the cutting 

Mercury Method \ small rectangular cutting of 

Zz g 


mercury, and the method 


fabric 1s folded across its short dimension and placed 
saci olded aer ; rt dimension and placed the cutting during transfer t 


nder a standard weight for a specified time iter : ‘3 
under a standard weight for a specified time \ite Bi ts TecBitesh hed ide snail co saci 
removal of the weight, the folded cutting is floated on st: the: seneink tes 
l to recover, 


edge on a suriace of mercury ¢ allowe dtd 
following which either the angle of creasing or the ea 
distance between the ot ‘ cutting le 
measured (Figure 13). Phis method eliminates 
errors due to the weight of the fabric and the curva eutting 


pivaahmca eas tha as emusic: Jc ices cence e. Raicansnins ae anes eee 
ture of the fabric end Phe results, however, are said ge ag 


to be influenced by the condition of the surface of he T-B-L. tecl o } 
th) > ter nique, ana 
fabric 1s also not significant 
Furthermore, the ef 
fabric ends 1s at 
1 renlains ¢% 
with limy 
provides a dise witl 
permit the rapid measure! 
by rotation of the disc, 
ve hung at one time 
i the 
angle method desigi (| yn ml some ot 
of earher techn Vi developed 
Shirley Institute 
Resin Departmet 1 
pany. In this method 
is held firmly 1 
is brought into « 
meter (Sec 
end makes with clamped « | a specified 
| 


time ot suspensiot the meter 1s a measure of the 


recoverability of the fabri The influence of fabric 
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weight and stitfness is largely eliminated by holding 
one end of the cutting in the clamp and arranging the 
other end in vertical suspension. The instrument 1s 
simple yet well designed, is portable, and gives results 
that are adequate jor most developmental or merchan 
dising purposes 

Roller Creasing Method. 
Laboratories of the 


The Stamford Research 


\merican Cyanamid Company 


have suggested a modification of creasing-angle 
BS > S 


methods which is said to provide a more uniform 
creasing pressure than is obtainable by other tech 
niques. A looped cutting, held by its two ends in a 
special clamping device, is inserted from below be 
inch in diameter 


tween two steel rollers, each |. 


(See Figure 16.) The rollers are brought together 
and held thus at a standard pressure determined by 
the rollers 


a weight-and-lever system. Rotation ot 


passes the cutting down between them, creasing it 
and dropping it upon a knife edge situated immedi 
ately beneath the line of tangency of the rollers. The 
angle thus formed is pro 


and the 


silhouette of the crease 


jected on a rotatable translucent screen, 


] ; 
ald Of 


angle is measured at the apex with the 


hairs on the dial. Time for the relaxation 


fabric and the roll 


pressure are specified \dvan 


1 


tages claimed for this method are a uniform pressure 


1 
} } 


litv of the fab 


the compressibilt \ 


nearly independent of 


WEIGHT 


SPECIMEN 


ANIFE - EDGE 


SUPPORT FOR 
___ SPECIMEN 


_two vertical rods 
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ric and the elimination of all handling of the clip 


ping from the time it is placed between the rollers oi 
the tester. The testing device is portable, although 


The 


material will still con 


more elaborate than the Monsanto instrument. 
curvature and weight of the 
tribute to error, although it is stated that this error 


is nunminuzed by measurement of the creasing angle 


at the vertex 


~ } } 
Compressometer Method \ sensitive, modified 


gure i7) has been used fot 


compressometer (Fy 
measuring the “compressometer flexural resilience” 


of fabrics. This resilience is defined as the ratio of 
energy recovered by a fabric compressed in the above 
device to that which is expended in compressing the 
holes 


of the longer dimension of a 3 


1 
| 


sample. Three are punched along each side 


2-inch specimen, and 


the specimen is mounted through these holes on the 
rack so that the 
Chis 


place | beneath the instrument's 1-inel 


speci 


men in profile forms an § specimen is thet 


diameter cir 
|. 


cular presser foot, which can be lowered by a rack 


Wl-pinion arrangement. The load is indicated by a 


n the top of the instrument and the vertical dis 


] 


cement of the sample is read from the circumiet 


a dise on the pinion axle \ number of read 


and 


energy expended 


: : rr 
recovered at alculated Lhe compressometet 


method provide mation than many other 


techniques, the hetter indication of the 


true resiliency is obtainable from 


measurement of the creasing angle. The influence of 


fabric stiffness into account in this instru 


ment and the different loads and loading 


times can be readily studied. In many cases, the in 


formation provided by this instrument may be more 
comprehet ve thar 


is required for developmental 


or merchandising uses 





\PRIL, 1949 


pressomete 


The Flexometer Method 


Spec Wes, 


In the flexometer, two 


each 4+ inches long and 1°, inches wide. 
are mounted in the opposite angles formed by two 
intersecting vertical plates. (See Figure 18.) One 
of these plates is stationary and the other intersects 
the first plate and is rotatable about the axis inter 
section, As the plate is rotated to compress the two 


fabric specimens, the torque exerted by the speci 


mens in resisting the folding can be measured by a 


series of cantilever springs. Readings are take1 
first at decreasing angles and then at increasing angles 
and the expended energy of folding as well as the 
energy of recovery is calculated. The ratio of the 
energy recovered to the energy expended is termed 


the “flexural resilience.” 


ethod, the flexometet 


pressometer 


in many instances provides more information than 1s 


The rank correlation betwee 
1 the 


than the agreement of either of these 


required the compres 


someter method am fle xometer ie tl od is better 


methods witl 


the angle methods Phe compressometer and flex 


ometer, however, in measuring the percentage ot 


folding work actually recovered in unfolding are pro 


viding data that are closely to the true re 


related 
sihence of the fabri Phe angle methods, while un 
doubtedly useful for many of the tests and for the 
evaluations necessary in 


comparative developmental 


and merchandising programs, show a greater errot 
in testing stiff or limp materials 
Other Fabric Methods 


stiffness and resiliency 


\ method tor measuring 
perhaps primarily for stiff 
ness—has been reported. A rectangular fabric cut 
ting is clamped at one of its shorter ends to an axle, 
and the other end of the cutting rests upon one side 
19.) 


indicating hand whicl 


of a sensitive balance 


fitted 


(See Figure The end 


of the axle is with ar 
measures the angle of rotation on a protractor. Se 
lected weights on the opposite arm of the balance are 
balanced by rotating the axle so that the attached fab 
ric cutting exerts a depressing force on its end of the 
balance 


The process is then reversed and decreas 





¢ weights are brought into balance by angular ad 


Mig uy 


justments of the axle \ load-deflection diagram can 


he plotted, using the balance weights in grams 


versus the tangent of the angle of rotation of the axle, 


} 


thus obtaine 


¢ 
characteristics of the 


and the curves 


provide information stiffness and resiliency ot 


the fabric 
Several variations of the techniques reported above 
ior evaluating crease-resistance have been reported by 


technicians working in Germany, Russia, and other 


( 


Qne German variation of the 


gle method (Figure 20) involves forming 


i rectangular cutting about one-third 


‘from one end, instead of in the middl 


a flat 


in the air, 


> a 


The cutting is then placed on 


MS 
] 


e short end rotate 


} 


can 


> creasing angle being measured bv a 


tractor adjacent to the \ Russian variation 


ot the 


mercury method in) , l: ¢ the crease 
specimen 1 “lg ha prece 


variation of tl reasing-angle 


from both Germany and Russia 


ectane 


tangular 


cutting or strip in whicl 


creases are formed accordion-wise 


time of creasing under 


is suspended by one et 


1 
t 


partially | 


untolded 


strip 4 


Figure 21.) The ratio of this length to 


eth of the strip is considered to be a fac 
fabric Phe 


creasing characteristics of the 


his method are, « sigmiticantls 


the weg] tol 


indication of the 


characteristics of the 


wide are stretches 


are 200 mm 


Is prepared, 


he break v 
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German variation of the ¢ 


Fic. 20 


total work was taken 


In this method, the 


stretched strip was also suspended and allowed to re 


force. The ratio elastic work 


as an indication of creasability 


cover, the ratio of the recovered elongation to the 


total elongation being recorded as elastic elongatio1 

a factor considered to be related to creasing 
\nothet 

the elastic folding of textile materials utilizes a strip 


$00 This 


strip is placed upon a glass plate and the two ends are 


Russian method designed to measure 


of fabric mm. long and 100 mm. wide 


folded over so that they meet in the middle of the strip 


\ second glass plate is then placed on top of the 


folded specimen and connected to a balance so that 


weights of 1 to 1,000 g. can be added to the uppet 


plate. (See Figure Ze.) \s the weights are 


the lower plate is raised to return the balance to its 


starting position. From the weight added and_ the 


distance traversed by the lower plate the work done 
specime! lculated, and 


in compressing the s] 


WAY we Ca 
when the process Is Te versed tl e work recovered as 
unfolds may calculated The 


work of 


the specimen 


ratio of the recovery to that of tolding indi 


cates the elastic behavior of the material 


\ rather complicated but caretulls 


constructed i 
strument, operating on very much the same principle 
| reported by the Mas 


M.L.T. ma 


number of 


as the above method, has beet 


sachusetts Institute ot Pechnology The 


chine utilizes electric strain gages and a 
errors to a 


MATT 


and the Russian methods described above is much the 


elaborate techniques designed to keep 


nuinimum. The information provided by the 


same as that obtained from the compressometer and 
flexometer methods 

\ wrinkle tester 

| 


15 15 inches is designed 


resistance utilizing a specimet 


to wrinkle the fabric ina 


reproducible manner so that the creases can be ex 
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CI 


bic. 21 Accordion 


» , « 
12 is compared 


amined visually The sample, after conditioning, 1s 


suspended by one edge to the bottom of a movable 
platiorm. The platform is alternately raised and 
lowered so that the hanging fabric is cvelically com 
pressed between the moving platform and a flat sur 


face beneath. Photographs of a sample which has 


been exposed to a standard number of evcles are re 
tained as a record of the fabric’s creasing character 


istics. 
\ variation of the flexometer used in this country 
has been reported from Germany. The device opet 


ates on much the same principle as the flexometet ' 


and provides the same tvpe of data on the elastic re 
covery of textiles 


fil Tests. Creasing and wrinkling are propet 
| 


: stics of tibers 
ties of fabrics rather than of fibers and varns, and oa ; 


: ' 1 rease-Tesistance 
for that reason the review of test methods has beet ; ssi 

; ; - pene recognition ol 
contined to techniques which apply to fabrics Tests —s 


: and an appreciation 
on yarns, however, and tests on single fibers provide PI 


: - ' a these methods 
much information on the elastic behavior of fibers 
Stress-strain curves indicate the fiber’s modulus ot 


elasticity, the “immediate elastic limit.” primary and Literature 


secondary creep, and the percentage recovery from 17. 48. 51. 59% 
elongation An analysis of the stress-strain loops  138*, 139*, 140” 


makes possible an estimate of the decay in recovet 


for Rese 


ability of a fabric which is repeatedly folded o1 
creased in one area. Were it not for the complicating Che scientist is sometimes 


. SO “1) dl P mstr nn) StS O1 
influences of varn and fabric construction, test pect of attempting to improve 


fibers would be the nicest method of measuring the chemical characteristics of the natural 


resilience or recoverability of textiles the synthetic fibers. in which tl , 


LileT¢ ‘ 
In addition to tests on the stress-elongation chat to tinker with the fiber’s composition bet 


acteristics of fibers, a number of techniques have beet ing actual fiber formation, the natural 


emploved for studying the torsional resistance and available to the technologist in. its 


an 
s 


] 


torsional elasticity of fibers, and there are also sev Perhaps also because most of the natural fibers 


eral methods for determining the bending character been used so long and so successfully 
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cant chemical or physical modifications, technologists 
have been too conscious of the novel possibilities inci 
dent to the building up of new fibers by chemical 
synthesis and polymerization 

The importance of new qualities provided by the 
synthetic fibers, as well as improved values in other 
accepted fiber properties, cannot be discounted. On 
the other hand, the truly remarkable properties of 
natural fibers should not be overlooked because of the 
increased attention given to the newcomers in the 
textile field. The combinations of desirable proper 
ties found in many of the natural fibers have not yet 
been duplicated in the synthetics In cotton es 
pecially, a range of useful and unmatched qualities, 
together with the outlook for substantial economy 1n 
production, insures a strong demand for this fiber for 
many years to come 

The rate of expansion of the markets in which cot 
ton is used will depend in large measure on the ap 
plication and progress of research efforts directed to 
ward the improvement of certain cotton fiber prop 
erties for each use of cotton. The technologist who 
has studied the record has no doubt that substantial 
improvements and modifications can be produced in 


g that valuable com 


the cotton fiber without sacriticin 


bination of properties which has made cotton the most 


widely used textile raw material. The scientist who 
has read this report, and who may have gone on to 
a more detailed study of the literature, will undoubt 
edly see numerous possibilities for attacking the prob 
lem of improving crease-resistance in cotton fabrics 
Naturally, 
: 


obtain 


some of the approaches will be designed to 


additional information which 1s needed for a 


understanding ot 


thoroug! 
whil 


le others may 


all phases of the subjec t, 


attempt more directly to bring 


about the necessary modifications of tibet prope rties 


] 


\ number of the more obvious lines of research, in 


their broader aspects. are suggested here not with 


the idea that the subject is limited to these approaches 
but rather as a stimulant to further thought 
noand Breeding 
} 


of resilient properties which re 


Since cottons exhibit 


sult from the 


varieties and environmental conditions of 


s obvious that some types of cotton wall 


- crease-resisting characteristics in fab 
\pparently the orientation 
fiber is a 


trolling Uthoug! characteristics 


lactor 


as cell-wall thickness and. shay 


also exert their 


fluence on fiber resilience Obviously it should 


possible to Hh 


suitable cottons wl 
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is desired to produce fabrics in which crease-resisting 


properties are important. Furthermore, cotton 


breeders can develop varieties with enhanced values 
of fiber resilience if this is found to be economically 
sound, 

\t the present time, the fiber selection techniques 
normally employed in the marketing of cotton are not 
sufficiently developed to permit ready recognition of 
resilience in cotton, nor is there at this time any ma 


] 


terial emphasis on breeding cottons for better resi 


ience. It is suggested that studies be conducted o1 


cotton fiber properties to determine whether the dit 
ference between cottons of high resilience and cottons 
of normal and low resilience is significant enough it 


unproving fabric resilience and crease-resistance ti 


make worth while either the selection or the breeding 


of highly resilient cottons. The lower values for 


strength and length that are frequently found to ac 
company better resilience in cotton should also be 
evaluated to determine whether or not they are disad 
vantages that outweigh the advantages of resilience 

2. Fiber Prope rttes 


already been done on the subject, there is need for a 


In spite of the work that has 


thorough study of the relationship between fiber prop 


This 


| 
as possible 


fabrics 
study should attempt to eliminate as far 


erties and the creasing tendency ot 


all variables except those in the fibers themselves 


Not only the tet 


and bending resilience of the 


‘~ 


sile elasticity but also the torsional 


tibers should be evalu 
ated, and the relationship between each type of re 


storative force and resistance to fabric creasing should 


be explained. Fiber shape, length, and surface char 
acter should be explored to see how much these prop 


\ddition: 
the influence of humidity on 


erties influence crease-resistance 
formation on 
properties of fibers should be helpful 

Chis 


fiber, as the performance of other fil 


study should not be contined 


dication of the characteristics 


tor cotton 


Varn and Fabric Constru \vailable liter 


ature relating to the influence of construction vari 


fabric crease-resistance reveals 


] 


numerous 


the knowledge on this subject here is 


additional studies on varn twist and vari 
Not only 
ditfer widely in 


also 


adaptability to creaseprooting treatments 


I much cloth constructior 


work or 


] 


will it be found that textiles resist 


ance to wrinkling, but that they vary in thei 
Many textile mills strongly object to modifying the 


construction ol any of their standard fabrics, either 
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to obtain a construction that is less creasable or to 
provide a fabric that accepts the creaseproofing treat 
The that the 
standard items have built a reputation for quality 


ments better. feeling seems to be 


for the null, and that any change would be damaging 


to that reputation. The question deserves careful 
doubt 


that the position taken by these mills is entirely logi 


consideration, however, as there is. serious 


cal: and certainly the widespread adoption ot such 
an attitude would constitute a major impediment to 
progress in textile development. It is suggested that 
a fabric having outstanding crease 


g resistant proper 
ties might be considered as an entirely new product, 


all ot 


maximum development of crease 


in which case the techniques that permit the 


resistance would 
be emploved. These would include changes in fabric 
construction, where necessary, although it is under 
stood that the fabric developed from the changes 
would still have to be suitable for the intended use 
Phere is no point, for example, in insisting on the 
maintenance of a certain count 1n a fabric when that 
count necessarily produces a stiff and easily creased 
piece of cloth, and when the elimination of a few ends 
or a few picks would contribute to a highly desirable 


vrinkle-free product. On the other hand, when pro 





ducing a dress fabric it would be impractical to try 


to utilize the coarse yarns that go into industrial 
fabrics, even though the resulting product might re 
sist creasil gy better 

The purpose of the study on yarn and fabric con 
struction variables would be to provide information 
showing the minimum construction changes in stand 
ard fabrics that would result in the maximum gain in 
resistance to creasing. When a fabric is to be fin 
ished by one of the crease-resisting treatments, the 
construction should be modified to gain the maximum 
benefit from that treatment. 

. Function of Formaldehyde \lthough 


a fair number of textile scientists have undoubtedly 


Resins 


made up their minds as to the function of urea-form 
aldehyde and melamine-formaldehyde in producing 
crease-resistance, it must be recognized that the con 


clusions they have reached are not in all cases the 


same. While one school holds that the resins poly 
merized in the fiber are actually forming cross-link 
ing bridges between cellulose molecules, the other 
continues to maintain that the resins are merely 
physical deposits within the fiber. Further work with 
the formaldehyde type resins and with other types 
of resins would certainly be aided by a resolution of 


this question. Microscopical studies, aided by special 
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staining techniques, have established the location of 
the resin as being within the fiber in cases where the 
crease-resisting finish has been properly applied. It 
no chemical combination with the cellulose 1s neces 
sary to produce the desired effects, it would seem that 
a fairly large number of thermo-setting polymers 
could be explored, the main limitations being price, 


color, stability, et If, on the other hand, chemical 
combination with the cellulose molecules is one of the 
criteria for success in the resin application, only resins 
that would thus combine with the cellulose should be 
investigated 

In addition to the determination of the chemical or 
physical disposition of the resin in the cellulose fiber, 
the physical influence of the resin should receive fur 


How 


the fiber’s resihence? 


ther study does the ” 


resin’s brittleness affect 


How are rate of polymeriza 


tion, temperature ot polymerization, and amount 


of resin related to the 


performance and durability 


How can 


best be used 


of the finish ? softeners and other modi 


hers 


with the resins to obtain. the 


maximum fabric quality? Does the resin ade 


fabric, or is it be 


quately penetrate all fibers in the 
ing blocked off at the yarn interstices where it might 
accomplish its function to greatest advantage? The 
answers to these questions may be known, at least in 
finishers or 


part, by a few manufacturers who have 


specialized in crease-resistance there 


would bene 


Nevertheless, 
is little doubt that many in the industry 


fit by a broader understanding of these and other sim 


ilar questions 
5. Cross-Linking The 
cellulose that has been cross 


1 


bridges from acid-catalyzed formaldehvade 


resilient performance of 


linked with methvlene 


is SO vastly 
unproved that it is surprising that so little has been 


accomplished in the direction of commercially practical 


cross-linking techniques. True, glyoxal is being used 


commercially as a cross-linking agent for viscose ray 


ons, primarily to reduce swelling and 


MNprove di 


mensional stability. The tendering of cotton result 


ing from either formaldehyde or glyoxal 


cross 
linking operations has undoubtedly been a deterrent 
to development along these lines, but the rewards for 
success 1n this type of research should be sufficient to 


overcome much discouragement. If a relatively sim 


ple cross-linking reaction can cause the required im 


provement in resilience, it would have 


many advan 


tages over resin methods. Cross-linking is quite 


specific, and the relatively small number of cross-links 


required per cellulose molecule means that a suc 


cessiul treatment would add little to the weight oi 





Furthermore, chemically combined cross 


xpected to result ino a more durable 


modification of the tiber properties 


6. Thermo-Setting 1 ! his study would be 


an outgrowth of that suggested in (4) above. If it 1s 


] 


determined that the resin properties are sufficiently 


Muportant to the attainment ot the MMaNMUI Crease 


resistance, a wide number of thermo-setting resins 


would be applied to fabrics and the resulting effect 


the resistance to would be measured 


creasing 
ls type of work is more of a developmental and 
application project than a true research project, but 
all of the available 

] 


anv practicality tor 


the merits ot thermo 


this use 


Thermoplastics and Rubbers. To many people 


the word “elasticity” immediately evokes thoughts ol 


rubber. Undoubtedly, if enough rubber in the proper 


form could be incorporated into the fiber structure, 
the elastic behav j i the tiber would be atfected 


While it 


thetic or 


nnught prove that the action of rubber (svn 


1 


natural) is less specific than that of certain 


e possibilities do seem worthy of some study 


rubber molecules | | 


Is Tlie ules Na\ n too large 


tory tration 1 he fh but recent 


this more 


; ; : 
m fied 1e or sure 


esins 


al to en 


Plasticity is the ve 


1) 1 
lL be 


fibers that shou nunimized in 


sired clasts 


. ‘ : 
astic resins have been stucied. | 


prope rties of recovery 


oweve.r, < 


as been claimed for some 


, 1 A 
| thermoplasty 


overlooked 


‘ ‘ ' 
Partially acetylated 


cotton are being 


NOW 


research laboratory 


ittons differ markedly 


both chemical and physical 


nodification is, of course, not 


icetvlation of and the ad 


amunization, 


} 


ide groups to the cellulose chain may 


interesting variations in the normal 


cotton aracterstics. The finishes involving 
chemical modification are generally more durable thar 


interfere less with the 


While 


additive tinishes, and usually 


clotl comunercially 


accepted texture ot the 
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successiul fimishing processes have not been fully 
perfected, and while cost remains fairly high for bot! 
acetvlation and aminization treatments, there are no 
really fundamental restrictions to the ultimate com 
mercial feasibility of these finishes 

Karly study should be made of the modifications 
in elastic behavior that result from partial acetylation, 
partial aminization, and other chemically modifying 
treatments of cotton fiber. The result of this tvpe of 
study should provide some clue to the type of chemical 
modification which might be expected to atfect: the 
crease-resisting properties of cotton fabrics 


Mechanical | 


tioned that napping, bri 


It was previously men 
. and similar operations 


atfect the crease textiles 


There are a number of other 


resisting properties ot 


dry timishing operations 


such as calendering, beetling, Schreinering, and but 


ton-breaking that have some etfect on the fabric. It 


is not thought that these operations have anv con 


siderable etfect upon the creasability of cloth, but it 


to know whether these opera 


tions affect the creasing characteristics at all, and, 


would be interest v 


so, in what way 


ents By 


has completed its through the 


Passave 


finishing operations frequently used by the tex 


tile industry, a substantial number of strains have 


heen troduced into the clot Some finishes, such 


vy act to rel strains, but 


the tibers themselves ni 


Strains within the tiber laxed by 


with water, or, better vet, with caustic soda 


especially important to swell and relax the tibers 


fore a crease-resistant finish is applhed. Swelling ot 


cottor widens the 


fibers without tension apparently 


} 
| 


ang I¢ that the 


be that nnproved swe 


ervstallites make with the thber axis 


lling tre: 


It may tinents, together 


with some type of cross-linking ‘ resin fixation ot 


wide angle fiber LXIs, will 


produce al “ § t| tl us tar beet 


obtained 


swelling of cotton anc 


Perhaps research o1 


quent finishes could best be conducted on varns, since 
fiber swelling will not be restricted 


in this state the 
| 


as it is IN Most tabric structure Phe stress-strain 


} 
Poor 11 


data obtainable from varns are a 


the elastic behavier 
from those varns 

11. Improved Testin / ; oh 

] 1 } 


attention that has been given to 


spite of the 


e development ol 


instruments for measuring fabric creasing angle, 
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crushing or compressibility, and properties of re 
covery, one prominent textile technologist was moved 
to suggest that the usefulness of a textile in a suit 
could perhaps best be determined by making the 
fabric into the suit and having the suit worn in use 
This points out some of the limitations of present 
methods for studying the resilience or crease-resist 
ance of fabrics. There are simple methods for quick 
comparisons of different fabrics, or for ready evalu 


ation of the etfectiveness of a crease-resistant finish 


ing treatment. There are also more complicated 


methods for estimating a fabric’s powers ot recovery 
from deformation in terms of recoverable energy, 
and other methods which are said to produce a 
standard wrinkling somewhat analogous to that o¢ 
curring in garment wear 

However, none of the instruments or test methods 


available are thought to duplicate the conditions ot 


actual garment use, and it is probable that the com 


plicated combination of conditions accompanying 


} 


such use will never be accurately copied by a testing 


} 


method. There is some question as to how closely 
the available test methods approach the conditions ot 
garment use By the crease-angle test, for example, 


“ul in many cases by tests which measure recover 


Wail 


able energy, some. crease-proofed cellulosic fabrics 


are indicated to be almost comparable to or ever 


} 


equal to woolen and worsted fabrics. When thes 


treated cellulosic fabrics are subjected to 


crushing, however, ; recover 
g 


they should accord y to crease-s or recoverable 


ey test methods. Woolen fabrics, crushed 


ener 


same manner, still recover remarkably well Phis 


suggests that a method for severely crushing and 
rumpling a fabric sample in a random vet standard 
] 


ized and reproducible manner might satisty a need 


for more knowledge on the wrinkling of fabrics that 


Lat present obtain from the available techniques 


methods now available for measuring creas 
ing angle and those tor measuring recoverable energy 
have passed through a number of stages of retine 


ag 
\t present they seem adequate for providing 


certain types of information on the creasability ot 


fabrics, and it is probable that they will be further 





improved by persons particularly interested in those 
typ s of tests It is felt, however, that the 
encouragement should be given to the development 


rreatest 


g 
] 


of tests that will make possible a standardized severe 


rumpling of the fabric, with methods for measuring 
the degree of muss or the number and sharpness of 


the creases in the rumpled sample. This tvpe of test 
| ] | 


would probably not replace 

principal types now in use, 

tional information that 1s needed 

tory estimate of the use value of a textile 
Studies of Visual Effes 


ance of creases and wrinkles 


jectionable features of fabrics 
those deformations, it would 
able that some study should 
fects of these deformations 
in many cases, 

which might make t 

dent, but it would 


] 


constructions, degrees ¢ 
have a tendency to make 
they are in other fabrics 


1 


is being prepared, it would 

constructions, colors, and 
Cotton seersuckers and plisses d 

and wrinkles as much as some other 


his reason these fabrics 


and for t 
been chosen to demonstrat 

resisting fimishes. On the 

sent a type of fabric in which the creases are 
ipparent, and tew chemical raanutfacturers 
samples of crease Tes 

If a manufacturer w 

resistant dress fabrics of cott 

linut himself to seersuckers and 4 

ever, avoid other construction 


Visual impression of creases 
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Determination of the Inertia of Homogeneous 
Rolls or Cylinders 


R. R. Prechter 


Paper and Textile Division, Industrial Engineering Divisions, General Electric Company, 
Se henec tady, Vew } ork 


M ANY TIMES it is desirable to determine the 


inertia, HR?, of a roll when the only information IVb i D ) WD lb.-ft 

. . . . ° % , ) e”* . , 
given is weight, maximum roll diameter, and core eS \iz a 
diameter. 


soe ga Ve where D is in in., and I is in Ibs. 
This is especially true in winding or ‘“‘batching 


P ‘ " ° ° | Bee “ ae . Bis 
applications in the textile industry, where the  Jlollow Cylinder (Diagram 
weight of the same size rolls may vary 


consider- 
ably, depending upon the type of cloth or material 
and the tension with which it is wound. 


Weight of solid cylinder with diameter Ds = HW Ibs. 
Weight of solid evlinder with diameter D; = WV, Ibs. 


Che same problem is encountered in the rubber 
and paper industries. 

rhe curves shown in Figures 1 and 2 provide a 
rapid method for determination of Il’k? when the 


above-mentioned factors are known. For example 


Given 1) Weight = 400 Ibs. ‘ 
2) Maximum diameter = 20 1n € 4 
3 Core diameter 5 in 
Cherefore—D.2/D, 4, 7. 
and from the chart 


Wk? Wk? solid evlinder) & (Correction factor 
137 X 1.07 = 146 lb.-ft. D 


It should be noted that for a given weight and DIAGRAM 1 
outside diameter the IVR? of the hollow cylinder 
higher than that of the solid cylinder since its “Rk” 
is farther from the roll center. 
Che derivation of the applicable formulas is as 
follows 


Solid Cylinder (Diagram 1 


Wk 


where /, 7, and D are in ft., w is in Ibs 


Berek. i6., 
and WW total weight in Ibs., 


DIAGRAM 2 
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wk® FOR HOMOGENEOUS CYLINDER wk? FOR HOMOGENEOUS CYLINDER 


ee 350-— — ee 
SOLID CYLINDER wK?s a LB-FT?, D IN INCHES, SOLID CYLINDER WK?= WOe ip. rT? 
: win LBS | 52 


40 D IN INCHES 





NOTE: wk? FOR HOLLOW | 39 WIN LBS. 


. - Pd NOTE WK? FOR HOLLOW CYLINDER: =. 
CYLINDER* 755(0, +02 )LB.-FT. 38 


D IN INCHES 
IN INCHES + 
w INLOS vad % WIN LBS. 


THEREFORE : TO SECURE ans KS) }—__+__}__ 
HOLLOW CYLINDER wk? o Ov | 
mas prrocoume 5 nenerone: to secu 
CORRECTION HOLLOW CYLINDER wk? 
FACTORS j MULTIPLY CHART READINGS 
BY FOLLOWING 
CORRECTION 
FACTOR 
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Correction Facto 
The correction factor used to convert the solid 


evlinder Wk? to hollow evlinder IWR? is 


Hollow evl. Wk 
Correction tactor - I 
Solid cv l. Wk 
W 
ts 
We ] 1152 : D.? + D 
1152 ; —_s WD 
1152 
D is in in., and J is in Ibs 





Reprints of the ortginal 


publishers. Otherwise, 1 ma) 
publishe rs 


gatives of articles ao 


Photostat ne 
page page § 
Photostats of patents are 

Mi ro 
St., Ann Arbor, 
Conn.; Harva 


lions meé 


4 inci 


pe 


tor not exceeding 


50 cents 
|) 7; . 
ulm copies a 

Wich Veu 


rd University Li 


York 
brary, 
1v also be obtained from the 
The JOURNAL Is a 


on one 


ain offe 


side of the , ?# 


sheet so that tne ite 


ice for 1949 are 


10 East 


scriptions to this serv 


Research Institute, Inc., 


ring to 


ABSTRACTS 


AVAILABLI 


SERVICES 


RESEARCH 
f thle 


PEXTILI 


1 copes periodicals 


to member 


tracted ¢ 
siracted 


wes im Wildl Ind ents per pa 


r page. rvice che 


nd paper enlargeme? 


P Lh]; y 
MOC f 
Camoridge, 
above Sources 
lis 

mis 


S37 5U eg 


10th 


A list of periodicals, the abbreviat 


, 
publications ts given in 


ANALYSIS: TESTING: 
LABORATORY METHODS 


+ 
Fiber Identification 


Chemical fiber 
\gster Textil 
July 1948 306 

\ rather tl 


Ine thods for 


identification. 
Praxis 3, 216 
& (Dec. 1948 
ription 


of 


orougn ce s¢ 


idle 


} 


including sucl 


ntiheatlo 
new (,erm 


’ aa 
as animalized Cellulose 


Perlon L. and 
Perlon | 
Pe Ce 


| polvamiue 


Spectrophotometric Curves 


New “offset”? method of interpret- 
ing spectrophotometric curves. 
\\ \. Shurcliff and | I. Stearns 


all 
38, f2-5 


the 


cal parameters 
be plotted on eri 


k A 


Treated Textiles 


A spectrographic study of treated 
textiles. I). IP \\ 
W. A. Johi 
son ln 


RIR—-4K (Der 


vest Rept 37 


It 


f tabric 


as I 


electrode 


edure 
fication 


lantitats 


CHEMICAL 


k RESEARCH JOURNAI 


JOURNAI 


Order 
I t of 25 cents 
to I1!. x 14 inches 


per 


Lilé 


Tne ; 313 N. First 


Rise 
eu 


and PHYSICAL 
RESEARCH 


* 


Casein Yarn 


Continuous-filament casein yarn. 
Robert KF. Peterson, Robert 1 
MeDowell, and Sam R. Hoover 
PEXTILI 18 

7448 


ARCH JOURNAI 


1948 


oducin 


REST 
De 


Electrical Conductance 
of Cellulose 


The conduction of 
through cellulose. Part V. The 
effect of temperature. |. 1 
’Sullivar ] Text Inst. 39 
1948 


electricity 


P3608 84 (N 





\priL, 1949 251 


creases rapidl with increase in I has a ir. strength of 2 den in the textile industry is discussed 


moisture, while above 50°, mois ipproximately 15, elasticity, and It exhibits the lowest rate of corro 
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li 
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